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In the midst of Tertiary extension in western Montana and within 
the Bitterroot metamorphic core complex, an Eocene dike swarm 
diverges in strike across the Bitterroot mylonite. It strikes N21°E 
on the west side and N47°E on the east side. The 26° change in 
strike suggests either a refracted stress field or rotation during 
Eocene or younger extension. To measure such extensional motion 
across the Bitterroot mylonite, standard paleomagnetic techniques 
were used to acquire paleomagnetic data from 19 dikes at three 
localities.
The Sapphire tectonic block locality, with 8 dikes, has a mean 
declination of 46.4° and inclination of 69.1°, its 95% cone of 
confidence ) is 13.4°. The other two localities are within the
Bitterroot dome. The Lolo locality has Dec = 336-8°, Inc = 66.5°,
= 9.^ (6 dikes). The Selway locality has Dec = 331.6°, Inc = 
60.5°, o^g = 6.9^ (5 dikes). Comparison with the expected Eocene—  
direction (Dec = 348.5°; Inc = 65.5°) reveals these rotational 
parameters: Sapphire locality, rotation = 58° ± 3 ^  (95% confidence 
limit); Bitterroot localities, rotation = —12° ± 2CP and —17° ± 12° , 
respectively. No locality shows significant flattening.
At the 95% confidence level, the Bitterroot dome localities 
display 0° and —5° of significant rotation, respectively. The 
southern Sapphire tectonic block displays a clockwise rotation of 
26° at the 95% confidence level.
These data, as well as local and regional geological 
relationships, indicate that the Bitterroot dome was drawn out 
from under the Sapphire tectonic block and transported, with little 
rotation, toward the northwest during Eocene extension. 
Concurrently, the Sapphire tectonic block rotated in a clockwise 
direction around a vertical axis near its north edge.
The 57—43.5 Ma age of extension in the Bitterroot metamorphic 
core complex coincides with extension in British Columbia and 
south—central Idaho. Such similarities in the age and style of 
extension suggest that a regional system of Eocene extension 
extends across much of the northern Cordillera. As a result, 
highly metamorphosed regions of the crust like Boehl's Butte and 
the Salmon River Arch may be Eocene core complexes.
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INTRODUCTION
The Bitterroot metamorphic core complex in western Montana 
and east-central Idaho is part of an Eocene extensional 
system which stretches from southern British Columbia to 
southern Idaho (Figure. 1). Like the extensional system in 
general [e.g., Parrish et al., 1988), an Early to Middle 
Eocene age for much of the Bitterroot metamorphic core 
complex extension has recently been well documented 
[Bickford et al., 1981; Chase et al., 1983; Garmezy, 19831. 
Yet, other interpretations are still being proposed [Hyndman 
et al., 1988]• The metamorphic core complex consists of a 
mid-crustal core, the Bitterroot dome, juxtaposed against 
upper-crustal rocks of the Sapphire tectonic block by a 
prominent, east-dipping shear zone, the Bitterroot mylonite 
(Figure 2). A top-to-the-east sense of shear in the 
mylonite [Garmezy, 1983; Hyndman and Meyers, 1988] indicates 
that it is an extensional fault. Other features, like 
superimposed brittle and ductile facies, are also similar to 
other metamorphic core complex detachments [cf., Reynolds 
and Rehrig, 19801. Garmezy [19831 documents mylonite 
formation in an extensional setting which is consistent with 
the presence of extensional Tertiary basins, such as the 
Bitterroot Valley and Big Hole basin, and an Eocene dike 
swarm (Figure 3). Both the fault-bounded basins and the 
dike swarm are asymmetric in map view. This asymmetry
FR-SC FAULT
T-NRMT FAULT
PR COMPLEX
BO COMPLEX
GKANITIC NOCK:
*[ HCTNKaiNHlC NOCKS 
I I NONHM. FAULTS
STNIKE-SLIN FAULTS
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AREA OF FIGURE 2.
PIONEER COMPLEX
Figure 1. Regional geology of the Pacific Northwest and southern British 
Columbia. FR-SC, Fraser-Straight Creek fault; T-NRMT, Tintina-Northem Rocky 
ML trench; L-C, Lewis and d a rk  fault zone; PR, Priest River complex; BD, 
Bitterroot dome complex. Columbia River basalts occupy the southwestern area of 
the figure and obscure the intersection of the Priest River complex with the Lewis 
and Clark line. Map modified from Price et al. [1985] and Parrish et al. [1988].
suggests rotation about nearly vertical axes during 
extension.
Three hypotheses have been proposed for the formation of 
this metamorphic core complex. First, Hyndman (1980] and 
Hyndman et al. (1975, 1988] propose that the mylonite is a 
Late Cretaceous feature which formed as the Sapphire 
tectonic block slid eastward off the Bitterroot dome.
Second, radiometric dates from within the mylonite led Chase 
et al. (1983] to propose a diapiric rise of the Bitterroot 
dome from underneath the western edge of the Sapphire 
tectonic block during the Late Cretaceous and Eocene.
Third, based on radiometric cooling ages from the mylonite, 
Garmezy (1983] proposed that the Bitterroot mylonite is a 
low-angle. Eocene detachment fault which formed as the 
Bitterroot dome moved toward the west. Each hypothesis, as 
well as the asymmetric extensional basins, implies large 
rotations and/or translations of either the Bitterroot dome 
or the Sapphire tectonic block. Such crustal rotations are 
readily testable with paleomagnetic techniques.
Both the Bitterroot dome and the Sapphire tectonic block 
contain epizonal plutons, volcanics, and a hypabyssal dike 
swarm of Eocene age (Figure 3). The dike swarm differs in 
trend by 26<> across the mylonite. This divergence in trend 
suggests post-Middle Eocene displacement along the 
Bitterroot mylonite, or stress refraction. The change in 
orientation implies some crustal rotation but fails to
4
confirm a specific tectonic hypothesis. In this thesis, I 
present the results of a paleomagnetic study of 28 of these 
dikes from both the Bitterroot dome and Sapphire tectonic 
block. I interpret the results belov and present a 
synthesis of. the Eocene extensional tectonics of the region.
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Figure 2. Regional geology of western Montana and Idaho. The Bitterroot 
mylonite is the north-trending fault in the center of the figure. The mylonite 
places upper amphibolite-facies rocks against weakly metamorphosed rocks at its 
northern end, whereas plutonic rocks are exposed on both sides of the fault farther 
south. Map modified fix>m Hyndman et al. [1988].
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Figure 3. Eocene geology of western Montana and central Idaho. More deeply 
emplaced Eocene plutons are not shown. Map compiled from Hyndman et al., 
[1988]; Lund et al., [1983]; Desmarais, [1983]; Toth, [1983b]; Wallace et al., 
[1987]; Pawlowski, [1981]; Harrison et [1986]; Hietanen, [1963]; and Childs 
[1982].
REGIONAL GEOLOGY 
LEWIS AND CLARK FAULT ZONE
The Levis and Clark fault zone is a system of right- 
lateral strike-slip faults which extends from northeastern 
Washington to south central Montana (Figures 1 and 2) 
[Harrison et al., 197 4; Hyndman et al., 1988]. The 
northwestern terminus of the fault zone apparently is the 
southern boundary of the Priest River complex. To the east, 
the fault system passes north of the Bitterroot dome and the 
northern edge of the Sapphire tectonic block. The fault 
zone continues to the east as far as the northern edge of 
the Beartooth Plateau [Hyndman et al., 1988].
The Lewis and Clark fault zone is a domain of crustal 
weakness which has been active since at least the Middle 
Proterozoic [Winston, 1986]. The left-lateral separation of 
the Cordilleran batholithic belt and westward curvature of 
the western Idaho suture zone indicate a Late Cretaceous and 
Paleocene left-lateral offset [Hyndman et al., 1988; Sales, 
1968]. Most recently, the system has moved in a right- 
lateral fashion. Harrison et al. [1974] estimate 81km of 
right-lateral displacement since the Eocene. The amount of 
crustal thinning south of the fault system [Sheriff and 
Stickney, 1984; Carlson, 1985] suggests at least 40km of 
right-lateral offset [Sheriff et al., 1984). As Hamilton
8
and Meyers C1966] suggested, the Idaho bathollth region 
south of the Levis and Clark fault zone has probably moved 
to the northwest, relative to the stable craton. The Levis 
and Clark fault zone has also been interpreted as a 
transform fault coupling en echelon crustal spreading in the 
Bitterroot complex and Priest River complex (Eving, 1980; 
Rehrig and Reynolds, 1981; Rehrig et al., 1987; Sheriff et 
al., 19841.
BITTERROOT MYLONITE
The Bitterroot mylonite is an impressive, 0.3-1.0km thick, 
north-trending fault zone along the western side of the 
Bitterroot Valley and the eastern margin of the Bitterroot 
dome (Figure 2). The mylonite dips from 20-30<> to the east 
at the mountain front, but based on deformed granites 
farther vest, the mylonite must shallow in dip and pass 
above the Bitterroot dome [Hyndman 1980; cf., Toth, 1983a1. 
Relatively undisturbed granites belov the detachment grade 
upward into an amphibolite-facies, ductile mylonite. The 
mylonite variably deforms Idaho batholith granite, 
synplutonic mafic dikes, and pegmatites. Pegmatites within 
the shear zone display synkinematic and postkinematic 
textures and relationships [Sixt, 19881. Thus amphibolite- 
facies mylonitization occurred during emplacement of the 
Idaho batholith, but not during the final stages of
crystallization [Sixt, 1988 1. Deformation was at 
temperatures greater than 500<>C and probably at near 
magmatic temperatures [LaTour and Barnett, 1987; Sixt,
19883 . The amphibolite-facies mylonite is overlain 
discordantly by a super imposed, greenschist-facies mylonite 
which is capped by chloritic breccia [Hyndman and Meyers, 
19881. All three facies of the mylonite zone display a 
consistent, top-to-the-east sense of shear along an azimuth 
of 105-1100 [Garmezy, 1983; Hyndman and Meyers, 19881. 
Ductile normal faults within the mylonite confirm that 
deformation was in an extensional regime [Garmezy, 19831. 
Most likely, the mylonite is a low-angle extensional 
detachment [e.g., Wernicke, 1985, or Davis and Lister,
19881. Younger, down to the east, normal faults offset the 
mylonite near the Bitterroot Valley [Chase, 1977] and 
indicate continued post-Eocene extension.
At the northeastern end of the Bitterroot dome, the 
Bitterroot mylonite places upper amphibolite-facies Belt 
Supergroup strata and pre-Belt crystalline rocks in the 
footwall against lower greenschist-facies Belt strata in the 
hanging wall (Figure 2). Thirty kilometers to the south, no 
difference in metamorphic grade exists across the fault. 
About 80km farther south, near the southern termination of 
the fault, the mylonite juxtaposes Eocene plutons in both 
the footwall and hanging wall. These structural 
relationships suggest that the Bitterroot mylonite is a
10
scissor fault which is pinned at its southern end. The 
Bitterroot Valley, which also narrows toward the south, 
probably inherited its shape from differential displacement 
on the Bitterroot mylonite.
The temporal relationship between the three overlapping 
facies of the Bitterroot mylonite is poorly understood. One 
interpretation is that such superimposed facies form as the 
fault moves from ductile to brittle conditions during 
mylonitization [Davis and Lister, 19881. In this model, the 
facies form simultaneously down the dip of the mylonite. 
Alternatively, Hyndman and Meyers (19881 and Hyndman et al. 
[19881 propose that the facies could originate from a 
mesozonal Late Cretaceous to Paleocene shear zone 
reactivated at shallower depths in the Eocene.
Unfortunately, the field relationships supporting these 
hypotheses are also enigmatic. Tilted and deformed Eocene 
volcanics lie at the bottom of the Tertiary basins [Fields 
et al., 1985; Sears, 19851. Such deformation implies that 
Eocene volcanism and intrusion may have preceded some 
extensional faulting. In contrast. Eocene epizonal plutons, 
hypabyssal dikes, and volcanics along the western side of 
the Bitterroot dome suggest emplacement after amphibolite- 
facies mylonitization and tectonic denudation [Hyndman et 
al., 19881. Holloway [19801 and Garmezy [19831 also report 
Eocene dikes crosscutting the mylonite at the southern end 
of the Bitterroot dome. With our present level of
11
knowledge^ the field relationships do not clarify the age 
relationship between the three facies of the mylonite and 
the hypabyssal dike swarm.
The geochronologic data, however, are consistent with an 
Early to Middle Eocene age of mylonitization. Zircon, U-Pb, 
lover intercept ages from synkinematic granites and 
pegmatites are as young as 48 ± 1 Ma. to 57 ± 4 Ma [Bickford 
et al., 1981; Toth, 1983a]. A sheared pegmatite, from the 
same locality studied by LaTour and Barnett [1987], has a 
concordant, U-Pb zircon age of 52 ± 1 Ma. [Chase et al., 
1983]. Except for zircons from the sheared pegmatite, which 
lack cores, all of the zircons have rounded cores with 
euhedral overgrowths [Bickford et al., 1981]. The two 
zircon components produce a discordant age with an upper and 
lower intercept. The lower intercepts may indicate the time 
elapsed since the isotopic system was last closed or the 
effects of lead loss. This "age" could represent the actual 
crystallization age of the zircon overgrowths, or a thermal 
event which reset the isotopic system at that time. There 
is some question (e.g., Hyndman and Meyers, 1988] as to 
whether the lower intercepts are discordant minimum ages or 
truly represent the age of crystallization. Bickford et al. 
[1981] argue that the relative ages from zircons, field 
relationships, and monazite show a consistency which is most 
compatible with an undisturbed crystallization age. If the 
lower intercept ages result from a resetting of the isotopic
12
clock, the relative ages of each lithology would not be so 
well preserved (see Bickford et al., 1981 for a thorough 
discussion). Additional support for the conclusions of 
Bickford et al. [1981] rests in U-Pb zircon, lower intercept 
ages of 55 ± 3 Ma. to 46.5 t 1 Ha. [Bickford et al., 1981] 
from the undeformed portion of the Bitterroot dome. The 
similar lower intercept ages of deformed granites within the 
shear zone and undeformed granites away from the shear zone 
argue against producing the Eocene lower intercepts through 
increased strain or temperature in the mylonite.
*̂Ar/̂ Âr dates from hornblende and biotite in the mylonite 
zone indicate rapid cooling around 43 Ha. ago and uplift and 
mylonitization from 43.5 to 45.5 Ha. ago [Garmezy, 1983; 
Garmezy and Sutter, 1983]. K-Ar dates on biotite from the 
Bitterroot dome reveal cooling during the Middle Eocene 
[cf., Armstrong et al., 1977]. Thus, the isotopic data from 
the Bitterroot mylonite, in conjunction with the cooling 
ages from the Bitterroot dome, indicate mylonitization and 
uplift from about 57 to 40 Ha. ago. Most likely, the 
disparity (about 17 Ma) between the zircon crystallization 
ages and the cooling dates result from extension before 
significant uplift and cooling.
The simplest interpretation is to accept the isotopic 
evidence of an Early to Middle Eocene age for the 
amphibolite-facies mylonite. The greenschist-facies 
mylonite and chloritic breccia must be Middle Eocene and
13
post-Middle Eocene in age. The change from ductile to 
brittle deformation along the shear zone probably occurred 
continuously as the mylonite rose from mid-crustal depths 
during crustal extension. These data, which only provide a 
minimum age for mylonitization, do not eliminate Late 
Cretaceous displacement along the Bitterroot mylonite, but 
seriously question its importance in creating the Bitterroot 
complex.
BITTERROOT DOME
The footwall of the Bitterroot mylonite comprises granite 
and regionally metamorphosed rocks. This infrastructure of 
mid-crustal rocks has been designated the Bitterroot dome by 
Chase and Talbot [1973] (Figure 2). The dome is fault 
bounded on all sides but the west, where a north-south 
trending chain of epizonal Eocene plutons probably marks the 
western edge [Chase, 1977}. The northeastern part of the 
dome consists of upper amphibolite-facies gneisses and 
schists correlated with the lower Belt Supergroup. Mineral 
assemblages indicate that these metamorphic rocks 
recrystallized at depths of 20-25km (Hyndman et al., 1988). 
Dioritic plutons of the Idaho Batholith are also common 
[Wehrenberg, 1972; Chase, 19731. Metamorphosed anorthosites 
indicate the exposure of pre-Belt crystalline rocks along 
the northeastern edge. To the south and southwest, the
14
metamorphic rocks plunge underneath mesozonal granites o£ 
the Bitterroot lobe o£ the Idaho batholith (Chase, 1973; 
19771. These granites crystallized at depths of 15-20km 
(Hyndman, 19831, and several plutons were emplaced during 
mylonitization (Toth, 1983a; Sixt, 1988; LaTour and Barnett, 
19871. The Bitterroot lobe seems to lie within a southeast 
plunging sync11ne which Intersects the Bitterroot dome at a 
high angle [Hyndman et al., 19881. As a result, the depth 
of granite emplacement shallows toward the southeast, and 
the Bitterroot dome plunges toward the south.
Granites within the Bitterroot dome have been classified 
as part of the Bitterroot lobe of the Idaho batholith 
(Hyndman, 19831. Based on U-Pb zircon and fIsslon-track 
sphene ages which range from 81-66 Ma [Ferguson, 1975; Chase 
et al., 19781, the Bitterroot dome granites have been 
interpreted as wholly Late Cretaceous in age [Hyndman,
19831. However, U-Pb dating of zircons by Bickford et al. 
(19811, Chase et al. (19831, and Toth [1983a1 also reveals 
the presence of 57 t 4 Ma., 55 ± 3 Ma., 51 ± 8 Ma., and 46.5 
± 1 Ma. old mesozonal granites as well. Many of these 
granites contain primary muscovite which constrains 
emplacement to greater depth than the epizonal Eocene 
plutons. These deep-seated Eocene granites reveal that the 
Bitterroot lobe of the Idaho batholith is not a simple Late 
Cretaceous batholith, but a region which underwent Igneous 
intrusion from the Late Cretaceous to the Middle Eocene.
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Consequently, the Bitterroot dome could not have undergone 
significant uplift until after the intrusion of these 
mesozonal Eocene granites. The epizonal Eocene plutons were 
intruded farther vest, where extension had already denuded 
the Bitterroot dome.
K-Ar and dates from biotites in the northern
Bitterroot dome cluster around 40 to 44 Ma., but apatite 
fission-track ages are usually younger, around 44-34 Ma. 
[Armstrong et al., 1977; Williams, 1979; Ferguson, 1975; 
Garmezy and Sutter, 1983; Hayden and Wehrenberg, I960].
*)lr/ ̂ &r dates from hornblende in the southern Bitterroot 
dome indicate a cooling age of 51 ± .5 Ma. [Garmezy, 1983]. 
Biotite cooling ages from the same rocks are quite a bit 
younger at 42 to 45 Ma. old [Garmezy, 1983]. These cooling 
ages have been attributed to the intrusion of epizonal 
Eocene plutons [Armstrong et al., 1977; cf., Hyndman, 1983]. 
However, the concordance of these cooling ages with the age 
of deformation in the Bitterroot mylonite (e.g. Chase et 
al., 1983; Garmezy, 1983) reveals significant uplift and 
cooling of the Bitterroot dome during the Middle Eocene.
Like other core complexes throughout the Cordillera 
[Parrish et al., 1988], the Bitterroot dome is an area of 
mid-crustal igneous and metamorphic rocks which shows a 
complex Mesozoic history overprinted by Early to Middle 
Eocene plutonism, extensional faulting, and uplift. East of 
this highly metamorphosed region, in the hanging wall of the
16
crustal detachment, the Sapphire tectonic block contains 
little direct evidence of such extreme Middle Eocene 
tectonism.
SAPPHIRE TECTONIC BLOCK
Hyndman et al., [1975] defined the Sapphire tectonic block 
as an arcuate region east of the Bitterroot mylonite (Figure 
4). They interpreted the Sapphire tectonic block as a Late 
Cretaceous feature surrounded by Late Cretaceous thrusts and 
strike-slip faults. However, the Sapphire tectonic block 
has behaved as an independent tectonic domain since the 
Early Eocene as well. Consequently, I prefer to define the 
boundaries of the Sapphire tectonic block with Eocene normal 
and strike-slip faults (Figure 4). These boundaries are: 1) 
the Lewis and Clark fault zone to the north, 2) the 
Deerlodge basin on the east, 3) the Big Hole basin to the 
south and southeast, and 4) the Bitterroot mylonite.
The northern two-thirds of this tectonic block consists of 
weakly metamorphosed Middle Proterozoic through Late 
Cretaceous age sedimentary strata [Hyndman, 1980]. Isolated 
Late Cretaceous and Paleocene plutons have miarolitic 
cavities and prominent contact aureoles which suggest 
shallow levels of crustal exposure [Hyndman, 1980; Hyndman 
et al., 1988]. Toward the southern edge of the Sapphire 
tectonic block, the metamorphic grade gradually increases
17
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into the amphlbolite facies [Hyndman, 1980). Late 
Cretaceous mesozonal granites and slightly shallower Early 
Eocene granites are common along this border (Figure 2) 
[DesmaraiSy 1983; Garmezy, 1983]. These granites are the 
eastward continuation of the Bitterroot lobe of the Idaho 
Batholith. The exposure of mid-crustal levels along the 
southern and southwestern margins of the Sapphire tectonic 
block suggest crustal tilting toward the northeast.
In contrast to the Eocene cooling ages from the Bitterroot 
dome, plutons and gneisses from the Sapphire tectonic block 
have Late Cretaceous to Paleocene K-Ar biotite and 
hornblende ages [Hyndman and others, 1972; McDowell and 
Kulp, 1969; Desmarais, 1983). The Sapphire tectonic block 
did not suffer the same episode of Middle Eocene cooling 
which so drastically affected the Bitterroot dome.
EOCENE MÀGMATISM
In addition to the mesozonal Eocene granites in the 
Bitterroot dome. Middle Eocene epizonal plutons, dikes, and 
volcanics are present throughout western Montana and central 
Idaho (Figure 3) [Armstrong, 1974; 19771. Isotopic dates on 
these epizonal rocks range from 44 to 51 Ma. [Lund et al., 
1983; Williams et al., 1976; Sears, 1985; Desmarais, 1983). 
The rocks are granitic plutons, rhyolitic to andesitic 
dikes, and felsic volcanics [Bennett, 19801. Basalt is
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rare. Mlarolxtic cavities within the plutons suggest 
emplacement at epizonal levels, probably less than 3km 
(Bennett, 1980; Hyndman, 1983; Motzer, 19851. Textures from 
the dikes restrict emplacement to slightly shallower 
hypabyssal depths. The dikes appear to be apophyses of the 
shallow plutons and probably fed the overlying volcanics 
(Bennett, 1980; Badley, 19781.
This magmatic episode could be related to changes in the 
angle of plate subduction (e.g.. Coney and Reynolds, 1977], 
or crustal thinning. Because of the shallow levels of 
emplacement, the magmas must have been quite dry, presumably 
originating from dehydrated rocks in the lower crust 
(Hyndman and Meyers, 19881. One way to generate such dry 
magmas is to reduce pressure in the crust during crustal 
extension [Hyndman and Meyers, 1988; Motzer, 19851. Similar 
dry magmatic episodes have been documented both spatially 
and temporally with other metamorphic core complexes (e.g. 
Holder, 1989; Reynolds and Rehrig, 19801. Perhaps the 
epizonal magmatism is related to the emergence of the 
Bitterroot dome and pressure relief melting at depth 
(Hyndman and Meyers, 1988; Motzer, 19851.
DIKE SWARM
A regionally extensive swarm of hypabyssal dikes, broadly 
correlative to the Idaho porphyry belt in central Idaho, is
so
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Figure 5. The Eocene dike swarm. Dike exaggeration is about 8:1.
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present in both the Bitterroot dome and Sapphire tectonic 
block (Figures 3 and 5) [Hyndman et al., 1977; Hadley,
1978]. The dikes range from 5 to 20 meters in width and 
tens to hundreds of meters in length. The dikes are 
undeformed and exhibit sharp, nearly vertical contacts in 
most cases [Hadley, 1978; this study]. Multiple intrusion 
events along the same dike are common [Hadley, 1978].
In the Sapphire tectonic block, the dike swarm trends 
about N470E (Figure 6). Both the dikes and an Eocene pluton 
are strongly oriented, suggesting intrusion into an 
anisotropic stress field. To the west, in the Bitterroot 
dome, a similar dike swarm with much more variance in strike 
trends N21<>E (Figure 6). This swarm is roughly 
perpendicular to the stretching lineation in the Bitterroot 
mylonite (IIQO). This is good evidence for intrusion and 
deformation in the same stress field.
The 260 difference in the trend of the Eocene dike swarm 
on either side of the Bitterroot mylonite strongly implies 
that much separation of the Bitterroot dome and Sapphire 
tectonic block is post-Middle Eocene in age (e.g.. Chase et 
al., 1983; Garmezy, 1983). The dikes converge toward the 
south (Figure 5), similar to the southward taper of the 
Bitterroot Valley, This convergence suggests tectonic 
rotation concurrent with displacement along the Bitterroot 
mylonite. However, their orientation does not validate 
either gravity sliding or crustal extension.
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My paleomagnetic results from these two dike swarms 
indicate that the dike swarm in the Sapphire tectonic block 
has rotated clockwise 26o relative to the swarm in the 
Bitterroot dome. These crustal rotations confirm that the 
Bitterroot mylonite was active during post-Middle Eocene 
time and, in conjunction with the regional geology, lead to 
a new tectonic interpretation of the region.
PALEOMAGNETIC FIELD AND LABORATORY WORK
LOCALITIES
Three paleomagnetic localities, with a total of 28 
paleomagnetic sites, were chosen for sample collection.
These localities were selected to be limited in geographical 
extent (to avoid the effects of faulting between sites) and 
wholly within either the Bitterroot dome or Sapphire 
tectonic block. Figure 7 and Appendix A display the precise 
location of each locality.
The Lolo Hot Springs locality (LBS; 6 sites), just to the 
north of the Lolo batholith and south of the westward 
extension of the Lolo Creek fault, lies in the northern 
Bitterroot dome (Figure 7; Appendix A).
The Selway locality (SWY; 8 sites) is located in dike 
exposures along the Selway river southwest of the Middle 
Eocene Whistling Pig pluton (Figure 7; Appendix A).
According to Chase (1977], the Whistling Pig pluton lies 
along the western edge of the Bitterroot dome.
The Sula locality (SLA; 17 sites) lies east of the 
Bitterroot mylonite in the southern Sapphire tectonic block 
(Figure 7; Appendix A). Fourteen dikes were sampled 
northeast of Lost Trail Pass along the East Fork of the 
Bitterroot river, and three dikes were sampled along 
Sleeping Child creek, 30km to the north (Figure 7).
24
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Figure 7. Paleomagnetic localities. More detailed maps of each locality are in 
Appendix B.
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m e t h o d s
A portable rock drill was used to collect six to eight 
oriented cores from six and fourteen dikes (sites) at the 
Lolo and Sula localities, respectively. Cores, collected 
along transects oriented perpendicular to the strike of the 
dike, were oriented with both magnetic and sun compass to 
eliminate local magnetic effects. Local magnetic anomalies 
were generally below 5<>; several were as high as 8<>. The 
majority of sites are located in roadcuts where fresh rock 
exposures exist, and the environmental impact is less than 
that of the Forest Service.
The Selway locality lies within the Selway-Bitterroot 
Wilderness, thus oriented handsamples were collected. At 
each of 8 sites, one or two blocks were oriented with a 
magnetic compass and packed out 8 to 15 miles on foot, or 
horseback. Where possible, handsamples were collected from 
the interior and exterior of each dike. Each handsample was 
then reoriented and cored from two to four times with a 
laboratory drillpress. Like the in situ specimens, there 
were no significant magnetic anomalies associated with 
handsamples.
The magnetic mineralogy and size distribution of the 
magnetic phases within the dikes were examined in a 
representative suite of eight samples. These samples 
encompass the compositional and textural variability found
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throughout the dikes. Each sample was subdivided into three 
standard size specimens which were then subjected to one of 
the following diagnostic tests: (1) Lowrie-Fuller tl9711 
domain state tests, (2) isothermal remanent magnetization 
(IRM) acquisition tests, and (3) thermal unblocking tests. 
Samples were also examined in transmitted and reflected 
light. Appendix B contains the experimental methods and 
results of the Lowrie-Puller and IRM acquisition tests. 
Thermal unblocking tests were conducted during routine 
thermal demagnetization. Pétrographie descriptions are in 
Appendix C. In general, the dikes contain magnetite and/or 
titanomagnetite crystals which range from 20>xm to 250pm in 
diameter. These crystals are magmatic phenocrysts and 
deuteric alteration products. Hematite crystals also occur 
within void spaces in many deuterically altered dikes.
In order to determine the potential for viscous remanence 
in these dikes, an additional suite of specimens underwent a 
laboratory storage test. Specimens were oriented with their 
remanent magnetization at a high angle to the current 
geomagnetic field direction, and the intensity of 
magnetization and direction measured at 100 to 500 hour 
intervals. Appendix D contains the details of this 
experiment. Specimens typically show a rapid increase of 
magnetic moment of up to 27% of the magnetization at 2 x 10̂  
hours. Such behavior suggests that the specimens are 
capable of acquiring a viscous remanent magnetization.
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During demagnetization^ however, the viscous remanent 
magnetization is removed by 50mT or 300<>C and thereafter, 
specimens exhibit stable magnetizations.
For each site, two pilot specimens were subjected to 
stepwise thermal or alternating field demagnetization (af) 
at temperatures of 680<>c or inductions up to lOOmT. 
Alternating field demagnetization was done in a Molspin 
tumbling af demagnetlzer. Thermal demagnetization was 
carried out in air inside a homemade, magnetically shielded, 
heating/cooling device with residual inductions of less than 
6 nT in the cooling chamber. The demagnetization technique 
which best isolated the characteristic remanent direction of 
magnetization was then used to demagnetize the remaining 
specimens from that site. The incremental demagnetization 
of each specimen continued until only a few percent of the 
original magnetization remained, or the intensity of 
magnetization decreased below the measurement capability of 
the Schonstedt SSM-2a magnetometer. In order to monitor any 
changes in magnetic mineralogy during thermal 
demagnetization, the susceptibility of each specimen was 
measured on a susceptibility bridge after each thermal 
demagnetization step (Appendix E). Generally, specimens 
peak in susceptibility at 200<>C and gradually decrease below 
NRM susceptibilities by the end of thermal demagnetization. 
Such behavior suggests oxidation of the original magnetite 
and\or titanomagnetites to hematite during demagnetization.
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Each specimen's progressive demagnetization was analyzed 
with vector end-point diagrams [Zijderveld, 19671, and the 
characteristic remanent magnetization identified. Typically 
after the removal of some secondary magnetic components, the 
remaining magnetization decayed linearly to the origin. The 
data, which include the origin, were then fit with a least- 
sguares line CKirschvink, 19601. This provides the best 
estimate of the characteristic direction of magnetization 
for each specimen. Maximum angular deviations (MAD) of 
reliable specimens from the least-sguares line [Kirschvink, 
19801 were always below 5<>.
In the 13 of 170 cases where specimens contained more than 
one resolvable magnetic component and failed to decay 
linearly toward the origin, intersecting remagnetization 
circles [Halls, 19781 were used to isolate the common 
component of magnetization. Only remagnetization circles 
with a maximum angular deviation below 15<> were used to 
determine the common magnetic direction in a site. This 
technique was only used for sites with two or more nonlinear 
specimens. At sites with both linear and nonlinear specimen 
directions, the characteristic directions were combined into 
the site-mean direction by the method of Kirshvink [19801.
At each site, all the characteristic directions of 
magnetization were averaged together to produce a site-mean 
direction and associated 95% confidence cone by the
method of Fisher [19531, or Kirshvink [19801 and Onstott _
30
[1980] 1£ planar data were used. Specimens with 
characteristic directions of magnetization which differed by 
more than two circular standard deviations (0̂ )̂ from the 
initial site-mean direction were not included in the 
calculation of final site-mean directions. For this reason, 
9 specimens were rejected. At the Selway locality, the 
characteristic directions of magnetization from specimens in 
each handsample were combined into a handsample-mean 
direction. These handsample-mean directions were then given 
equal weight and averaged together to produce the site-mean 
direction. At each locality, all the reliable site-mean 
directions were combined to yield a mean direction and 
associated 95% confidence cone for that locality.
PALEOMAGNETIC RESULTS 
PALEOMAGNETIC BEHAVIOR
One hundred and seventy specimens, whose natural remanent 
magnetization moments range from 5.0 x 10*̂  to 7.5 A* m^ 
(average of 2.4 x 10"̂  A-nf ), were analyzed. Both 
alternating field and thermal cleaning techniques generally 
isolate similar directions of magnetization in almost all 
specimens. However at site S-13, alternating field cleaning 
at peak inductions of lOOmT was unable to isolate the 
characteristic direction of magnetization. Magnetic 
cleaning techniques reveal stable magnetizations of either 
normal or reversed polarity in 117 of 170 specimens. In two 
sites, nearly antipodal normal and reversed specimens 
suggest that these sites may have acquired their 
magnetization during a reversal of the geomagnetic field.
A weak secondary component of magnetization exists in 56 
of 170 (33%) specimens from 12 of 23 (52%) sites. The 
remaining 11 of 23 sites (48%) show no evidence of this 
secondary component of magnetization. In 7 of the 12 sites 
(58%) with a secondary component, the secondary component 
corresponds to the direction of the current geomagnetic 
field. The other 5 sites (42%) contain random normal 
polarity components of magnetization whose significance is 
unknown. Magnetic cleaning removes the normal component of
31
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Figure 8. Vector end-point diagram of specimen B-18140 during alternating field 
demagnetization. Circles (triangles) represent declination (inclination). Pentagram 
(NRM) denotes the initial magnetic direction before demagnetization. A weak 
secondary component of magnetization, probably a modem day VRM, is removed 
by 20mT. Thereafter, the specimens decay linearly toward the origin, indicating 
one component of magnetization.
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Figure 9. Reflected light photomicrograph of sample B-13. Black: chlorite; Gray: 
fine-grained rhyolitic groundmass; white: magnetite/titanomagnetite grains. 
Phenocryst in the lower right-hand comer exhibits illmenite lamellae developed 
along the crystallographic planes. Field of view is 1.5mm.
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magnetization by 300<>C or 50mT, concurrent with a loss of 
50% to 70% in the intensity of magnetization (Figures 8 and 
12). Thereafter, specimens usually decay linearly toward 
the origin, only 9 specimens contained present day 
directions of magnetization which could not be removed. The 
weak coercivity of the secondary component and its 
correlation to the present field direction in 7 of the 12 
sites, with a secondary component, suggest that this normal 
polarity component of magnetization is a viscous remanent 
magnetization (VRM). Large, multi-domain titanomagnetite 
phenocrysts are present in the groundmass of most specimens 
(Figure 9; Appendix C); these phenocrysts probably produce 
the viscous remanent magnetization. See Appendix B for the 
analytical and observational data on the domain state of the 
magnetic mineralogy. See Appendix D for the stability test 
of the specimens. The low unblocking temperatures of these 
phenocrysts probably result from a combination of multi­
domain character and high titanium content twu et al,, 1974; 
Stacey and Bannerjee, 19741.
After the removal of secondary components, 117 of 170 
specimens have one remaining component of magnetization 
which decays linearly toward the origin (Figure 10); only 13 
additional specimens describe reliable arcs during 
demagnetization (Figure 11). Sixty of the 170 specimens 
were rejected from further analysis for various reasons. 
Twenty reliable specimens from four sites were not used
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Figure 10. Vector end-point diagram of specimen B-640 during thermal 
demagnetization. Circles (triangles) represent declination (inclination). The 
specimen exhibits no evidence of a secondary component of magnetization and 
decays linearly toward the origin.
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Figure 11. a. Vector end-point diagram of specimen B-15116 during thermal 
demagnetization to 100°C and alternating field demagnetization to 95mT 
(milliTeslas). Circles (triangles) represent declination (inclination), b. Equal-area 
projection of the same specimen during demagnetization. Open (closed) symbols 
represent upper (lower) hemisphere. Both projections display the arcuate 
demagnetization path which probably results from magnetic components with 
overlapping coercivity spectra.
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because the dispersion o£ specimen directions about the 
site-mean direction was not acceptable. Twenty-seven 
specimens were rejected because they did not yield reliable 
directions o£ magnetization. They had MAD values greater 
than 5 0 and 15<> for lines and planes, respectively. Nine 
specimens were more than two standard deviations away from 
the mean direction at each site and rejected for that 
reason. Four planar specimens were rejected because they 
were the only specimens with remagnetization circles at that 
site, thus a common magnetic component could not be isolated 
with the remagnetization circle technique.
The behavior of specimens during thermal demagnetization 
is characteristic of coexisting titanomagnetite, magnetite, 
and hematite. During thermal cleaning, linear decay 
generally continues until the unblocking temperature of 
magnetite (580<>C), when the intensity of magnetization 
decreases significantly (Figure 12). In 27 of 79 (34%) 
thermally cleaned specimens (from 12 of 23 (52%) sites), 10% 
to 15% of the intensity of magnetization persists until the 
unblocking temperature of hematite (6dQ0C) (Figure 12). 
Samples subjected to alternating field cleaning usually 
decrease to less than 10% of their magnetization by peak 
inductions of lOOmT (Figure 13). During IRM acquisition 
tests, specimens saturate in intensity of magnetization by 
inductions of 0.30 T (Figure 14; Appendix B). Such rapid 
saturation Indicates that titanomagnetite and magnetite
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Figure 12. Results of thermal treatment, displayed as the ratio of M/M, vs applied 
temperature. The rapid decrease in intensity of both specimens by 200-300®C 
reflects the unblocking of multi-domain titanomagnetites. Decreases in intensity at 
580®C and 680®C reveal the presence of magnetite and hematite.
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Figure 13. Results of alternating field demagnetization, displayed as the ratio of 
M/Mg (magnetic moment) vs applied induction in milliTeslas. Specimens typically 
decrease rapidly in magnetic moment (lower) but may retain up to 30% of their 
magnetic moment to lOOmT (top).
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Figure 14, Behavior of sample S-17 during the acquisition of an isothermal 
remanent magnetization (IRM). Applied induction (B) is expressed in units of mT 
(milliTeslas); acquired magnetic moment is expressed as the ratio of IRM/IRM(s). 
The rapid saturation in magnetic moment by lOOmT is characteristic of magnetite.
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dominate the magnetic mineralogy of these specimens, only 
one site (88B11) has magnetic properties which reveal that 
hematite dominates the magnetic mineralogy (Appendix G), 
Twelve of the 23 sites which contain some hematite exhibit 
thin-section evidence of deuteric alteration (miarolitic 
cavities, seriticized feldspars). Hematite crystals are 
also present in the groundmass and open cavities (Appendix 
C). The directions of magnetization which reside in 
hematite cluster about the mean direction from each site, 
show no direction which can be correlated between sites, and 
display directions parallel to the modern geomagnetic field 
direction in only 2 of 27 cases (Appendix F). The 
concordance of the hematite directions with those of 
magnetite suggests that the hematite results from deuteric 
alteration, not recent weathering or alteration during an 
episode of uplift. Alternatively, a decrease in the 
susceptibility of specimens during thermal treatment 
(Appendix E) may indicate that the hematite grew during 
thermal demagnetization. The component of magnetization 
which is stable between 300<>C and 580<>C (the unblocking 
temperature of magnetite) is inferred to be a primary 
thermoremanent magnetization. Thus, these specimens are 
reliable carriers of the paleomagnetic field direction.
This conclusion is based on several lines of evidence: 1) 
high NRM:lRM(s) ratios which indicate that the magnetization 
is of primary origin [Fuller et al., 1988; Appendix Bl, 2)
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s ingle-domain behavior during Lowrie-Fuller domain state 
tests (Appendix B)^ and 3) characteristic remanent 
magnetizations which decay linearly toward the origin. The 
single-domain behavior indicates that despite the presence 
o£ large, possibly multi-domain, phenocrysts, the specimens 
contain single-domain grains with stable components of 
magnetization. As determined in studies of coarse-grained 
igneous rocks [e.g., Wu et al., 1974; Murthy et al., 1971), 
this magnetization probably resides in disseminated, 
microscopic, single-domain/pseudo single-domain magnetite 
grains.
SITE-MEAN DIRECTIONS
Nineteen reliable site-mean directions were obtained from 
an original set of 28 sampling sites. Nine sites were 
deemed unreliable and eliminated from further statistical 
analyses for the following reasons. Two sites displayed 
both normal and reversed polarities of magnetization with 
wildly varying directions. One of these two sites, with 
seven specimens, has an inclination ranging from 60<> to -IQO 
across the dike. This site probably acquired its 
magnetization while cooling during an excursion of the 
geomagnetic field. The other site displays alternating 
polarities across the sampling transect, and the anomalous 
behavior may result from two or more coalesced dikes. Five
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other sites were not analyzed after their initial 
intensities of magnetization were determined to be too weak 
to measure reliably. Because a maximum of only two samples 
were collected at each handsampled site^ the circular 
standard deviation , a more robust measure of within
site dispersion than (95% confidence cone), was used as 
the criterion for accepting or rejecting sites. Two 
handsampled sites were rejected from further analyses 
because the size of their interval is greater than 15<> 
and is larger than 70<>. The remaining 19 sites have 
acceptable mean directions with s of less than 15<> for 
sites drilled in the field and d̂ j's below 15<> for 
handsampled sites.
The site-mean directions and their attendant statistics 
are presented in Table 1. Appendix G contains detailed 
summaries of the paleomagnetic data from each site. Table 2 
summarizes the locality-mean directions and their relevant 
statistics.
LOCALITY-MEAN DIRECTIONS
The most reliable locality-mean direction for the selway 
locality averages 10 samples (42 specimens) from 6 sites, 4 
of reversed and 2 of normal polarity, with djj*s less than 
150. The mean direction of the Selway locality is: Dec.
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(Declination) = 336.0®/ Inc. (Inclination) = 66.5®/
(alpha 95) = 9.5®/ and k (Kappa) = 51,2 (Figure 15).
The locality-mean direction for the Lolo locality was 
calculated from 23 specimens from 5 sites with normal 
polarity and «55*3 be low 15®. The mean direction is: Dec. = 
331.6®/ Inc. = 60.5®/ = 6.9®/ and k = 124.1 (Figure 16).
For the Sula locality/ 28 specimens from 5 sites of 
reversed polarity and 17 specimens from 3 sites of normal 
polarity were averaged together. All eight 95% confidence 
intervals were below 15®. The Sula locality mean direction 
is: Dec. = 46.4®/ Inc. = 69.1®/ = 13.4®/ and k = 18.1
(Figure 17).
Table 1. Paleomagnetic results from the Bitterroot dome/Sapphire 45
SITE Lat. Lono. N/Nc Inc. Dec. «95 S63 k Plat. Plona.
LOLO LOCALITY
88B01 46.74 -114.55 4/6 65.7 336.9 9.5 8.3 94.5 74.2 169.6
88B02 46.74 -114.56 4/8 66.9 342.8 11.9 10.4 60.4 78.3 175.6
88B03 46.74 -114.55 7/8 59.0 324.8 3.8 5.0 256.8 63.8 153.3
88B05 46.74 -114.56 5/6 59.2 331.4 11.1 11.6 48.6 69.4 150.2
88B06 46.74 -114.55 3/5 50.9 327.1 10.3 6.7 144.3 60.7 136.3
SELWAY LOCALITY
88B09 46.08 -115.17 2/2 64.6 351.7 35.9 11.4 50.5 84.3 161.8
88B09A 2/4 -72.5 166.5 19.1 6.2 172.9 -75.7 34.6
68B09B 2/3 -56.7 174.5 16.5 5.3 231.4 -80.3 -88.2
88810 46.08 -115.16 3/4 71.4 344.0 17.9 11.6 48.5 75.9 -154.3
88B11 46.08 -115.14 2/2 78.1 328.1 47.3 14.8 30.0 63.2 -142.2
88B11A 4/5 81.8 268.3 13.3*10.9* -30.9/ -.9 43.3 -137.5
88B11B 4/5 69.2 348.4 11.0 7.2 126.0 80.0 -159.3
88812 46.08 -115.14 2/2 57.7 343.0 6.8 2.2 1362.9 -75.5 -179.5
88B12A 5/5 -57.7 160.1 4.2 4.4 333.0 -73.4 -45.7
88B12B 3/3 -57.6 165.9 2.0 1.3 3905.3 -77.0 —56.9
88B15 46.10 -115.07 2/2 66.9 300.3 40.4 12.7 40.4 50.8 -177.6
88B15A 5/5 —64.3 99.3 6.9* 6.3*-119.8/ -3.0-36.6 -56.5
88B15B 2/3 —66.4 143.2 3.8 1.2 4447.8 -65.2 -5.2
B8B18 46.10 —115.06 8/8 54.8 341.8 2.3 3.3 599.5 72.6 -173.3
88818= -54.8 161.8 -72.6 -56.8
SULA LOCALITY
88503 45.84 -113.88 7/8 71.9 90.1 5.7 7.6 113.4 36.8 -70.7
88803= -71.9 270.1 -36.8 108.3
88S04 45.85 -113.88 7/8 60.3 53.7 6.1 8.1 99.7 51.5 —36.9
88504= —60.3 233.7 —51.5 142.8
88507 45.89 -113.80 6/8 67.8 350.9 5.7 6.9 138.0 82.2 -161.5
88510 45.93 -113.71 5/8 75.0 100.5 6.4 6.8 142.8 35.3 -79.8
88512 45.90 -113.78 6/8 79.1 90.6 4.3 5.1 247.3 41.8 -84.8
88513 45.90 -113.82 5/7 54.5 17.2 11.0 11.5 49.5 73.0 -57.8
88513= -54.5 197.2 -73.3 -170.6
88516 46.11 -114.00 3/7 64.1 6.2 14.0 9.2 78.2 85.7 -25.4
88516= -64.1 186.2 -86.1 154.8
88517 46.12 -114.01 6/8 44.9 67.8 2.8 3.3 596.3 33.8 -28.5
88517= -44.9 247.8 -33.8 -19.5
Note: Site numbers suffixed by A and B denote different handsamples from 
handsampled sites; subscript ^ designates original site-mean direction 
before reorientation into lower hemisphere; N/Nc, number of specimens 
averaged/collected; Inc. and Dec., inclination and declination of site- 
mean in degrees; «95, radius of 95% confidence cone in degrees; #63, 
circular standard deviation in degrees; k, Fisher (1953) precision 
parameter; Plat, and Plong., VGP latitude and longitude. * denotes 
average of major and minor axes of «95 ellipse and f63 oval from 
analysis of remagnetization circles; concentration parameters (Bingham, 
1974) for such data are tabulated as k^/ke-
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Figure 15. Equal-area projection of Selway locality site-mean directions, 
geographic coordinates. Solid (open) squares represent lower (upper) hemisphere 
site-mean directions; Pentagram and circle are locality-mean direction and 95% 
confidence cone in degrees, calculated with all reversed polarity site-mean 
directions inverted into the lower hemisphere; diamond equals the expected Eocene 
direction firom Diehl et al. [1983]; cross and asterisk are the current dipole and 
local geomagnetic field directions, respectively.
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Figure 16. Equal-area projection of Lolo locality site-mean directions, geographic 
coordinates. Solid (open) squares represent lower (upper) hemisphere site-mean 
directions; Pentagram and circle are locality-mean direction and 95% confidence 
cone in degrees, calculated with all reversed polarity site-mean directions inverted 
into the lower hemisphere; diamond equals the expected Eocene direction from 
Diehl et al. [1983]; cross and asterisk are the current dipole and local geomagnetic 
field directions, respectively.
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Figure 17. Equal-area projection of Sula locality site-mean directions, geographic 
coordinates. Solid (open) squares represent lower (upper) hemisphere site-mean 
directions; Pentagram and circle are locality-mean direction and 95% confidence 
cone in degrees, calculated with all reversed polarity site-mean directions inverted 
into the lower hemisphere; diamond equals the expected Eocene direction from 
Diehl et al. [1983]; cross and asterisk are the current dipole and local geomagnetic 
field directions, respectively.
DISCUSSION
TILT CORRECTION
A significant problem in the paleomagnetic analysis of 
igneous rocks is determining paleohorizontal. In this case, 
the dikes are assumed to have intruded vertically [cf., 
Anderson, 1951]. Because the dikes outcrop over tens of 
kilometers along strike and generally expose vertical 
contacts, significant tectonic tilt is unlikely. 
Occasionally, however, dipping dike contacts are observed.
In areas of good exposure, it is obvious that dikes rolling 
over to feed sills produce these dipping contacts. These 
observations support the hypothesis that tectonic tilt is 
unimportant. A tilt correction utilizing the dispersion 
statistic of McFadden and Loves [1981] was used to test 
these field observations at the Selway and Sula localities. 
This statistical test is based on the magnitude of k, the 
precision parameter of Fisher [1953], both before and after 
tilt correction. Because dikes are assumed to intrude 
vertically, tilt correction consisted of restoring 
nonvertical dikes to vertical about their line of strike.
If the dikes were emplaced in their present positions, the 
dispersion at each locality would increase after tilt 
correction. Conversely if the dikes have undergone 
postemplacement tilt, tilt correction should decrease the
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dispersion at each locality and restore the paleomagnetic 
directions to the expected direction. Dikes with 
significant dip at the Selway locality (3/6) and the Sula 
locality (3/8) were restored to vertical about their line of 
strike; the remaining dikes at each site had vertical or 
near vertical attitudes and were not corrected. More detail 
on the tilt correction may be found in Appendix H . After 
tilt correction, the dispersion increases at both 
localities. Also, the locality-mean directions move 6o away 
from the expected direction at the Selway locality (Figure 
18) and 8<> toward the expected direction at the Sula 
locality (Figure 19). Dispersion at the Sula locality does 
not increase at better than 80% confidence (i.e. McFadden 
and Lowes, 1981], and the result of the fold test at the 
Sula locality is inconclusive. On the other hand, the 
increase in the dispersion at the Selway locality is 
significant at the 95% confidence level. Thus the dikes 
were magnetized in situ. Together, the negative fold test 
and the geological relationships are strong evidence that 
the dikes have not been subjected to substantial post-Eocene 
tilt. As a result, the paleomagnetic directions were not 
corrected for any dikes* divergence from the vertical.
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Figure 18. a. Site-mean directions from the Sula locality 
before tilt correction, plotted in the lower hemisphere of an 
equal area stereonet; b. Site-mean directions after tilt 
correction. Squares, site-mean directions; pentagram and 
circle, locality-mean direction and 95% confidence cone; 
diamond, expected Eocene direction; asterisk and cross, 
current local and dipole field direction.
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Figure 19. a. Site-mean directions from the Selway locality 
before tilt correction, plotted in the lower hemisphere of an 
equal area stereonet; b . Site-mean directions after tilt 
correction. Squares, site-mean directions; pentagram and 
circle, locality-mean direction and 95% confidence cone; 
diamond, expected Eocene direction; asterisk and cross, 
current local and dipole field direction.
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RELIABILITY OF THE PALEOMAGNETIC DIRECTIONS
These paleomagnetic data display both concordant and 
discordant locality-mean directions. Such paleomagnetic 
directions can only be applied to tectonic problems when 
they provide reliable paleomagnetic pole positions.
Reliable paleomagnetic poles are obtained from paleomagnetic 
data sets which average, to a constant value, the secular 
variation of the geomagnetic pole about the Barth's rotation 
axis. Therefore, suitable paleomagnetic data sets should 
exhibit evidence of adequate sampling of the geomagnetic 
field.
Several lines of evidence suggest that the Selway and Sula 
localities adequately average paleosecular variation.
First, normal and reversed polarity dikes are present within 
both the Selway and Sula localities. During the Middle 
Eocene, the geomagnetic field reversed many times over the 
course of 8 million years [Harland et al., 19821. 
Consequently, the presence of 3(3) normal polarity and 5(5) 
reversed polarity dikes at the Sula(Selway) localities 
provides some evidence that a sufficient interval of time 
has been sampled. The Lolo locality contains only normal 
polarity sites. Second, if the discordant declinations from 
these localities (see below) result from incomplete 
averaging of paleosecular variation, similar magnitudes of 
discordance in inclination would be expected. The
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concordance of all the locality-mean inclinations with the 
expected inclination is additional support for adequate 
sampling of paleosecular variation at each locality. Third, 
models of the current geomagnetic field can be used to 
estimate the dispersion expected at localities which 
adequately average paleosecular variation. Model G, from 
McFadden et al. (1988], predicts a virtual geomagnetic pole 
(VGP) circular standard deviation of 17.5o at these 
latitudes. From this study: Lolo VGPôjj = 8.91<> (95% 
confidence limits = - 6 .40 and + 14.7<>, from Cox [1969]); 
Selway VGPÔjj = 13.100 (- 9.60, + 2 0 .7 0 ); Sula VGPÔjj =
27.020 (- 20 .40, + 40.00), Based on this criterion, 
adequate averaging of paleosecular variation at the Lolo and 
Sula localities is uncertain. The Selway locality contains 
a VGP circular standard deviation which indicates adequate 
averaging of paleosecular variation.
The presence of normal and reversed polarity dikes with 
concordant inclinations leads me to assume that the Selway 
and Sula localities adequately average paleosecular 
variation, while the Lolo locality may not.
EXPECTED DIRECTIONS
Diehl et al. [1983] provide a North American paleomagnetic 
pole, calculated from alkalic intrusives in eastern Montana, 
for the period from 47 to 54 Ma. Because the sampling sites
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for the pole are in eastern Montana and may contain some 
nondipole components of the Eocene field which may also 
exist in this study area, it provides the most reliable 
reference pole for the data. The Montana reference pole, 
located at 82. O^N and 170.2OE («jj = 3.5<^), yields an 
average expected declination of 348.50 and inclination of 
65.50 at these localities.
DISCORDANT PALEOMAGNETIC DIRECTIONS
Some of the results from the three localities differ from 
the expected direction and, when analyzed by standard 
techniques [Beck, 1980; Demarest, 1983], suggest relative 
rotations among the three localities (Table 2 and Figure 
20). Rotation (R) is a measure of the difference between 
the locality-mean declination and the expected declination. 
Positive and negative values of R describe clockwise and 
counterclockwise rotations, respectively. Flattening (F) 
describes the difference between the expected inclination 
and the locality-mean inclination. Positive and negative 
values of F denote shallowing and steepening of the 
inclination, respectively.
The Lolo locality displays a rotation (R), with its 
associated 95% confidence limits, of -16.80 ± 11.8o and 
flattening (F) of 5.4<> ± 5.5<> (Table 2). At the 95% 
confidence level, 5<> of counterclockwise rotation is
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Table 2. Locality-mean paleomagnetic data from the Bitterroot dome/Sapphire tectonic
Locality N **̂95 k Dec. Inc. R ± R F ± F
Lolo 5 6.9 124.1 331.6 60.5 -16.8 11.8 5.4 5.5
Selway 6 9,5 51.2 336.8 66.5 -11.9 19.7 -1.0 7.8
Sula 8 13.4 18.1 46.4 69.1 57.9 32.0 -3.9 10.7
Note: N, number of sites; k, Fisher (1953) precision parameter; radius of 95% 
confidence cone in degrees; Inc. and Dec., inclination and declination of locality- 
mean in degrees; R = - D«; ± R = radius of 95% confidence cone; F = I„ -
± F = radius of 95% confidence cone. Expected declination ÇDJ) = 348.5®; expected 
Inclination (I«) = 65.5®.
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Figure 20. Equal-area projection of locality-mean directions (pentagrams) with 
95%  confidence cones (circles). Diamond equals the expected Eocene direction 
6om Diehl et al. [1983]; cross and asterisk are the current dipole and local 
geomagnetic field directions, respectively.
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indicated. Flattening is insignificant.
The Selvay locality shows a rotation of -1 1 . 9 0  ± 1 9 . 7 0  and
a flattening of -l.QO ± 7 .8 0 . The Selvay locality exhibits
no indication that it deviates from the expected direction 
at the 95% confidence level.
The Sula locality exhibits a rotation of 5 7 . 9 0  ± 32.00 and
flattening of -3 .9 0  ± 1 0 .7 0 . At the 9 5% confidence level, 
the Sula locality displays 260 of clockwise rotation, 
relative to the reference direction; flattening is 
insignificant.
At the 9 5% level of confidence, the Selway and Lolo 
localities, both within or near the Bitterroot dome, display 
0 0 and - 5 0  of significant rotation (Figure 21). The Sula 
locality, in the southern Sapphire tectonic block, displays 
a clockwise rotation of 26<> at the 95% confidence level 
(Figure 21). Thus, these results indicate no rotation of 
the Bitterroot dome and 26<> of clockwise rotation of the 
Sapphire tectonic block.
TECTONIC IMPLICATIONS
The paleomagnetic data do not reveal any significant 
flattening, or tilt, of the three localities (Table 2).
There is no evidence of latitudinal translation or crustal 
tilting. These results do not appear to be consistent with 
the regional plunge of the Bitterroot dome and the Sapphire
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Figure 21. Paleomagnetic results ârom the Eocene dike swarm. Airows and 
associated arc are the paleomagnetic rotation (R) and 95%  confidence limits at 
each locality, plotted with respect to the expected direction. Numbers above each 
arrow refer to the paleomagnetic rotation at each locality. Lolo, LHS; Selway, 
SWY; Sula, SLA.
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tectonic block to the south-southwest and north-northeast, 
respectively. For example, the exposed metamorphic isograds 
in the Sapphire tectonic block are compatible with a twelve 
degree rotation about a horizontal, nearly east-west, axis. 
This approximation assumes a north-south distance of 75km 
and a depth of 15km to the sillimanite isograd. However, 
the 95% confidence interval for the flattening of the 
paleomagnetic data at the Sula locality (-3.9<> ± 10.7<>) 
makes it impossible to resolve the regional structural 
plunges with the paleomagnetic data.
The concordant paleomagnetic data from the Bitterroot dome 
indicates no post-Eocene rotation about a nearby vertical 
axis. Dike emplacement after extensional tectonism is not 
consistent with the rotation of the Sapphire tectonic block. 
Remagnetization during uplift and cooling is not evident in 
the paleomagnetic behavior of the dikes, which generally 
contain only one stable component of magnetization. 
Regardless, the concordance of the paleomagnetic data from 
the Bitterroot dome does not mandate a stationary position 
since the Eocene.
The Bitterroot dome lies south of the Levis and Clark line 
and vest of the Bitterroot Valley and Big Hole basin. Thus, 
it has been translated to the northwest during crustal 
extension. The Lewis and Clark fault zone is nearly a line 
of latitude around the Eocene pole position. Therefore the 
translation of the Bitterroot dome along this fault system
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Is not resolvable with paleomagnetic data. As a result, 
substantial northwest movement of the Bitterroot dome during 
Eocene extension is permissible.
The discordant paleomagnetic directions from the Sula 
locality (R = 5 7 . 9 0  ± 32.00) indicate 2 6 0  of significant 
clockwise rotation of the Sapphire tectonic block at the 95%
level of confidence. There is no unique rotation axis which
can account for this clockwise rotation. However, rotation 
about a northeast-southwest, horizontal axis can be rejected 
on the basis of regional tilt. In order to reproduce the 
paleomagnetic data by rotation around such a horizontal 
axis, the Sapphire tectonic block would have to dip I8 0 to 
the west, clearly perpendicular from the present plunge to 
the north or northeast. The best interpretation, given the 
current constraints, is a rotation about a nearby vertical 
axis.
The location of the rotation axis is reasonably
constrained by the structural relationships along the
northern margin of the Sapphire tectonic block. The eastern 
termination of the Lewis and Clark line bounds the northern 
edge of the Sapphire tectonic block in an area of Late 
Cretaceous left-lateral strike-slip faults, thrust faults, 
and younger normal faults (Figure 22) [Nelson and Dobell, 
1961; Desormier, 19751. The younger faults, which overlap 
and reactivate these older faults, display dip-slip motion 
toward the south as well as some right-lateral motion
Polomac
Figure 22. Geology along the northern edge of the Sapphire tectonic block, 
showing the decrease in displacement along the Lewis and Clark fault zone (CF- 
9M) as it passes east of the Missoula Valley. In addition, significant, post-Eocene, 
left-lateral strike-slip displacement along the fault zone is absent. Map from Sears 
et al. [1989].
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[Desormier, 19751. There are no Middle Eocene and younger 
faults with reported left-lateral displacement. Some Late 
Cretaceous parts of this fault system are cross-cut by the 
Middle Eocene Bearmouth volcanic field and could not be 
responsible for any Middle Eocene strike-slip motion. In 
addition, the Late Cretaceous fold and thrust structures do 
not appear to be significantly offset along the younger 
faults. Thus, Middle Eocene faulting does not include 
significant, left-lateral strike-slip displacement.
The above relationships reveal that the Sapphire tectonic 
block is pinned along its northern margin. This pinning 
prohibits clockwise rotation of the Sapphire tectonic block 
about a vertical axis in the southern portion of the study 
area. If the rotation axis lay toward the south, 
significant. Middle Eocene, left-lateral strike-slip faults 
would be present along the northern edge of the Sapphire 
tectonic block. They are not. The absence of such faults 
and the Middle Eocene structural continuity across the Lewis 
and Clark line mandates rotation about a vertical axis in 
the northern part of the study area.
TECTONIC INTERPRETATION AND SPECULATION
Regional geological relationships indicate that the 
Bitterroot complex is one of several Eocene metamorphic core 
complexes linked in echelon style along the Lewis and Clark
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fault zone (Figures 1 and 23) [Ewing, 1980; Rehrig and 
Reynolds, 1981). The eastern side of each core complex is 
an east-dipping extensional detachment which probably 
accounts for 25-40km of crustal displacement toward the 
northwest, relative to the stable craton to the east 
[Sheriff et al., 1984; Sixt, 19881. Following this regional 
geometry and the top-to-the-east sense of shear in the 
Bitterroot mylonite, the mylonite is interpreted as a low- 
angle fault which detached the Bitterroot dome from beneath 
the Sapphire tectonic block. At the northern end of the 
mylonite, I suggest at least 25-40km of displacement 
parallel to the 290<> stretching lineation in the mylonite. 
Rocks within the Bitterroot dome did not measurably rotate 
during crustal extension as they moved toward the northwest 
(Figure 21).
The Bitterroot mylonite, however, is asymmetric, for it 
displays greater extension at its northern end, near its 
intersection with the Lewis and Clark line, than its 
southern end. The Bitterroot Valley, widening to the north, 
has a similar asymmetry. The Bitterroot dome is not 
rotated, so the differential displacement on the Bitterroot 
mylonite must have been accommodated by rotation of the 
Sapphire tectonic block. The paleomagnetic data from the 
Sula locality are consistent with this interpretation; these 
data indicate 26<> of clockwise rotation of the Sapphire 
tectonic block about a vertical axis. Structural
ggjjgr̂ Rivw
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Figure 23. Simplified tectonic map of western Montana and Idaho showing the major elements of 
Eocene extension. Nearly east-west extension equals 25-40km in the center of the figure. Crustal 
extension has drawn the Bitterroot dome out from under the Sapphire tectonic block (creating a 
metamorphic core complex) and rotated the Sapphire tectonic block in a clockwise fashion (arrows), 
minimum of 26* of clockwise rotation is indicated by the paleomagnetic data.
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relationships restrict the axis to the north, so the 
southern end of the Sapphire tectonic block moved to the 
northwest•
In order to facilitate this clockwise rotation, crustal 
extension present at the north end of the Bitterroot 
mylonite must be taken up southeast of the Sapphire tectonic 
block, in the Big Hole basin. The Big Hole basin narrows 
toward the north, opposite from the taper of the Bitterroot 
Valley and the Bitterroot mylonite. Therefore, faults 
controlling the Big Hole basin accommodated greater amounts 
of crustal extension as the displacement on the Bitterroot 
mylonite diminished to the south. The greatest crustal 
extension occurs at the northern end of the Bitterroot 
mylonite and beneath the central Big Hole basin (Figure 23). 
These basins are a continuation of the en echelon 
extensional system to the northwest, but the coeval 
transform fault did not develop.
The clockwise rotation of the Sapphire tectonic block 
results because it spans the region between these en echelon 
décollements. The Bitterroot mylonite effectively detached 
the Bitterroot dome and the Sapphire tectonic block at its 
northern end. This allowed the northern part of the 
Sapphire tectonic block to remain stationary as the 
Bitterroot dome moved to the northwest along the Lewis and 
Clark line. At the southern end of the mylonite, where the 
tectonic domains were not separated and extension lay to the
67
east, they both moved toward the northwest, and the Big Hole 
basin opened in their wake. Unlike the crust near the Lewis 
and Clark line farther north, the Sapphire tectonic block 
did not yield brittlely along this en echelon step, but 
rotated clockwise above a mid-crustal detachment and around 
a vertical axis to the north.
Thus I propose that an Eocene crustal detachment is 
associated with the Big Hole basin. The presence of 
batholithic rocks west of the Big Hole basin and less 
metamorphosed strata east of the basin, in the Pioneer 
block, is consistent with extension along an east-dipping 
normal fault. Alt and Hyndman [1977] and Hyndman et al., 
[1988] have also proposed an east-dipping detachment fault 
along the western edge of the Big Hole basin. They 
attribute faulting to sliding of the Pioneer block (now east 
of the basin) off the Sapphire tectonic block during Late 
Cretaceous time. I propose that the detachment is Eocene in 
age. If this is the case, the southeastern Sapphire 
tectonic block and the Bitterroot dome are coeval, en 
echelon metamorphic core complexes.
The regional plunge of the Bitterroot dome and Sapphire 
tectonic block to the south and north, respectively, 
probably results from isostatic adjustments during crustal 
extension. Typically, the lower plate undergoes isostatic 
uplift while the upper plate subsides during detachment 
faulting. At the northern end of the Bitterroot mylonite.
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where crustal extension between the Bitterroot dome and 
Sapphire tectonic block is greatest, isostatic adjustment of 
the upper and lower plates has preserved the weakly 
metamorphosed rocks of the Sapphire tectonic block. In 
combination with tectonic denudation and erosion, isostatic 
adjustment has exposed the highly metamorphosed rocks of the 
Bitterroot dome. To the south, separation of the two 
domains decreases, and the isostatic effects are less 
pronounced.
REGIONAL SPECULATIONS!
The Bitterroot complex has been interpreted as a 
Cretaceous feature with no relationship to Eocene crustal 
extension (Hyndman et al., 19751. However, the 
paleomagnetic data presented in this study and the Early- 
Middle Eocene ages of syntectonic granites in the mylonite 
zone [e.g. Bickford et al., 1983; Toth, 1983a; Chase et al., 
1983] are strong evidence for Eocene tectonism in the 
Bitterroot complex. Most likely, the Bitterroot complex 
began to form shortly after the end of Paleocene 
compressional deformation. Late Cretaceous and Paleocene 
granites are deformed by the mylonite, but dates on 
syntectonic granites range from 57 ± 4 Ma. to 48 ± 1 Ma. 
[Toth, 1983a; Chase et al., 1983; Bickford et al., 19811. 
These geochronologic data document active extensional 
deformation at that time. Undeformed pegmatites associated 
with these granites [Sixt, 19881 reveal that ductile 
amphibolite-facies mylonitization ceased along the presently 
exposed mylonite shortly thereafter. Extension continued, 
however, along the greensch1st-facies mylonite and chloritic 
breccia as the mylonite was tectonically exhumed to 
shallower crustal levels. This younger extension resulted 
in the Middle Eocene cooling ages from the Bitterroot dome 
[Garmezy, 1983; Armstrong, 1977 and references therein 1 and 
the rotation of the Sapphire tectonic block.
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The hypabyssal dike swarm and associated plutons range in 
age from 51 Ma. to 43 Ma. [Lund et al., 1983; Desmarais, 
1983]. These shallow intrusives are concentrated along the 
western margin of the Bitterroot dome, but conspicuously 
absent from the eastern 30-40km of the Bitterroot dome 
(Figure 3). Because these epizonal intrusives lie on top of 
the Bitterroot dome, they have been interpreted as 
postdating extensional deformation [Hyndman et al., 19881. 
The paleomagnetic data from this study invalidate that 
interpretation. The preferred interpretation is that the 
intrusives were emplaced at shallow levels into the western 
half of the Bitterroot dome which was tectonically denuded 
before 51 Ma. The plutonic gap results from further crustal 
extension and tectonic denudation after 51 Ma and until 
perhaps 43.5 Ma [cf., Garmezy, 1983]. Consequently, the 
rotation of the Sapphire tectonic block may result from 
extension along the greenschist-facies mylonite/chloritic 
breccia, now exposed, and the amphibolite-facies mylonite at 
greater depth. Although the data and these interpretations 
stress the Eocene deformational history of the Bitterroot 
complex, they do not eliminate Cretaceous deformation in the 
region. Cretaceous deformation is an important element 
throughout the entire Cordillera; however, the significance 
of Cretaceous deformation in forming the Bitterroot dome is 
seriously questioned.
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The age of extension along the Bitterroot mylonite (57- 
43.5 Ma) is coincident with Eocene extension (58-45 Ha) in 
southern British Columbia and Washington [Harms and Price, 
1983; Parrish et al., 1988). Clearly, the Bitterroot 
complex and Tertiary basins of western Montana are an 
integral part of a regional system of Eocene extension.
In southern British Columbia, en echelon metamorphic core 
complexes are linked together along contemporaneous, 
northwest-trending transform faults (Figure 1) [Price, 1979; 
Price et al., 19811. The same system continues to the 
southeast through northeast Washington, western Montana, and 
into north-central Idaho. Farther south, in central Idaho, 
the extensional system disappears from view, but in the 
Pioneer complex, just north of the Snake River plain, it 
reappears. The Pioneer complex is similar in structure and 
timing to the Bitterroot complex [cf., O'Neill and Pavlis, 
19881, and its presence suggests that the extensional system 
extends at least that far south.
In northeastern Washington and western Montana, the nearly 
north-trending Priest River complex and Bitterroot complex 
are connected in echelon style by the right-lateral, 
northwest-trending Lewis and Clark fault zone (Figure 23). 
These relationships are suggestive of a continental 
transform fault system, whereby crustal extension in the 
core complexes has been accommodated by right-lateral 
strike-slip faulting along the Lewis and Clark fault zone
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[Ewing, 1980; Rehrig and others, 1987; Sheriff et al., 1984; 
Price et al., 1981]. Accordingly, the Idaho Batholith 
region has been transported to the northwest by many 
kilometers [Hamilton and Meyers, 19661. Right-lateral 
offset along the Lewis and Clark line is estimated at a 
minimum of 40km [Sheriff et al., 1984] and perhaps 81km 
[Harrison et al., 1974]. Estimates of displacement along 
the Bitterroot mylonite are about 25km [Hyndman et al.,
1975; Sixt, 19881.
The Lewis and Clark line has been seen as the coupling 
right-lateral fault system for some time, but the internal 
geometry of the fault zone has been largely ignored. Upon 
closer examination, much geologic evidence suggests that 
elements of the Lewis and Clark line may form a distinct, 
right-lateral transform fault system to the south of the 
main Lewis and Clark line. From west to east, this fault 
system consists of the St. Joe, Kelly Fork, and Lolo 
Creek/Mormon Saddle faults (Figures 4 and 23). This fault 
system is strategically placed to reconcile several 
inconsistencies in the geology of the region. The eastern 
end of this fault system, the Lolo Creek/Mormon Saddle 
faults, bounds the northeastern Bitterroot dome 
approximately 25km south of the Lewis and Clark fault zone 
(Figures 4 and 23). Although the Bitterroot dome begins to 
plunge to the north [Chase, 1973] just south of the faults, 
and could intersect the Lewis and Clark zone at depth.
73
significant differences In metamorphic grade exist across 
the Lolo Creek fault [Wehrenberg, 1972]. These 
relationships suggest that some of the northwest extension 
in the Bitterroot complex was accommodated on the Lolo 
Creek/Mormon Saddle faults. To the west. Eocene or post- 
Eocene displacement along the extension of these faults, the 
Kelly Fork fault. Is supported by a right-lateral offset of 
an Eocene dike swarm [Childs, 19821. The apparent right- 
lateral offset of the western lobe of the epizonal. Eocene 
Lolo batholith also supports Eocene or post-Eocene motion on 
this fault (Figure 3). The western end of the Kelly Fork 
fault terminates In highly metamorphosed rocks of the 
Boehl's Butte area. Therefore, right-lateral faulting Is 
inferred to step to the north along the St. Joe fault 
(Figure 23).
Boehl's Butte, directly west of the step between the Kelly 
Fork and St. Joe faults. Is an enigmatic region of highly 
metamorphosed rocks (Figure 23) [cf., Hletanen, 1984]. The 
Boehl's Butte area contains amphlbollte-facles schists, 
anorthosites, some Eocene K-Ar cooling ages, and evidence of 
rapid uplift In the Immediate area [Armstrong et al., 1977; 
Hletanen, 1984; Grover et al., 19871. Likewise, the 
Bitterroot complex and Priest River complex contain upper 
amphibolite-facies rocks and expose pre-Belt crystalline 
rocks and/or anorthosites within them [Chase, 1973, 
Wehrenberg, 1972; Rehrig et al., 1987]. Both metamorphic
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core complexes have Eocene cooling ages [Miller and Engels, 
1975; Armstrong, 1977; Garmezy, 19831 and, at least in the 
Bitterroot dome, evidence of rapid uplift at that time 
[Garmezy, 1983). Such obvious similarities with the other 
metamorphic core complexes suggest that the Boehl's Butte 
area is also an Eocene metamorphic core complex. Boehl's 
Butte is bounded on its eastern side by a north-northwest 
trending, east-dipping normal fault, the Canyon Creek fault 
(Figure 4) [Hietanen, 1984 1. This fault may be the Eocene 
detachment surface.
To the southeast, the Bitterroot mylonite marks another en 
echelon step in the transform fault system, but the south 
bounding transform fault is absent. The extensional system 
undergoes a fundamental change here. The fault system 
passes, rather abruptly, from an organized system of 
metamorphic core complexes and strike-slip faults into a 
zone of crustal rotation and distributed faulting east of 
the Bitterroot mylonite. The change in structural style 
probably results from a change in preexisting crustal 
structure. The Levis and Clark line is a crustal feature 
which exhibits much evidence of pre-Eocene displacement 
[Hyndman et al., 19881. The fault system bounds the 
Bitterroot mylonite along its northern end and was easily 
reactivated during Eocene crustal extension. At the 
southern end of the Bitterroot mylonite, there is no pre- 
Eocene crustal discontinuity, younger than the Precambrian
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(Winston, 1986]. Consequently, crustal extension proceeded 
by upper-crustal rotation above a décollement, rather than 
strike-slip fault formation.
The tectonic model proposed for Eocene crustal extension 
between the Sapphire tectonic block and the Bitterroot dome 
requires that crustal extension continue east of the 
Bitterroot mylonite, in the Big Hole basin. The tectonic 
model also predicts that the crust vest of this detachment 
(i.e. south of the Bitterroot dome and the Sapphire tectonic 
block) must have been translated to the northwest by many 
kilometers. This interpretation is consistent with the 
presence of the Pioneer complex in south-central Idaho which 
suggests that Middle Eocene crustal extension extends across 
central Idaho and southwestern Montana. I predict that 
Middle Eocene str ike-slip faults, metamorphic core 
complexes, and rotated crustal fragments can be found across 
this region. In particular, I suggest that the 
metamorphosed and deformed rocks known as the Salmon River 
arch (Armstrong, 1975], in central Idaho, are related in 
some fashion to Middle Eocene crustal extension.
These predictions are easily testable with K-Ar age dating 
and structural analysis. If the Salmon River arch is an 
Eocene feature, K-Ar retention ages from biotites and 
muscovites should be Eocene in age. Structural features.
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like crustal shear zones or strike-slip faults, with 
extensional fabrics in a northwest-southeast direction are 
also expected.
CONCLUSIONS
Reliable paleomagnetic directions have been obtained from 
nineteen paleomagnetic sites from a Middle Eocene dike swarm 
in the Bitterroot metamorphic core complex. A comparison of 
the paleomagnetic directions with the expected Eocene 
direction reveals discordant declinations from the Sapphire 
tectonic block. At the 95% confidence level, the data 
indicate no post-Eocene rotation of the Bitterroot dome and 
for the Sapphire tectonic block, 26<> of post-Eocene 
clockwise rotation about a nearby vertical axis. The 
radiometric data (e.g. Bickford et a l .  ̂ 1981; Chase et al., 
1983 and Garmezy, 1983) and paleomagnetic data from the 
Bitterroot dome and Sapphire tectonic block indicate that 
the Bitterroot complex formed during Early and Middle Eocene 
crustal extension. A tectonic model which best fits the 
geological relationships and the paleomagnetic data is that 
the Bitterroot dome was drawn out from underneath the 
Sapphire tectonic block and transported toward the northwest 
by 25-40km. The Sapphire tectonic block, however, remained 
pinned at its northern margin and rotated in a clockwise 
fashion as en echelon crustal extension stepped to the 
southeast in the Big Hole basin. An east-dipping. Eocene 
detachment fault probably exists along the western side of 
the Big Hole basin. This tectonic interpretation implies 
that crustal extension continues south of the Bitterroot
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mylonite. Consequently, Eocene crustal rotation, strike- 
slip faulting, and tectonic denudation should be present in 
central Idaho and southwestern Montana.
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APPENDIX A.
PALEOMAGNETIC LOCALITIES
Detailed geologic maps of each paleomagnetic locality are 
presented on the following pages. More detailed 7.5* 
quadrangle maps which cover each locality are on file with 
the Geology Department, University of Montana. Labeled 
points refer to paleomagnetic sites discussed in the text 
and appendices.
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APPENDIX B.
LABORATORY TESTS
SPECIMENS AND METHODS
For this study, specimens from a suite of representative 
dikes underwent L-F (Lowrie-Fuller) tests, IRM (isothermal 
remanent magnetization) acquisition tests, and NRM:IRM(s) 
(natural remanent magnetization: saturation isothermal 
remanent magnetization) ratio analysis. These results were 
augmented by the unblocking behavior of similar specimens 
during thermal demagnetization. For convenience the suite 
has been divided into two groups: 1) dark andesitic to 
rhyodacitic dikes with minor evidence of alteration (B-12, 
S-12, S-4); and 2) rhyolitic dikes with moderate to extreme 
evidence of alteration (S*17, S-10, B-13, B-10).
Field strength measurements are expressed in SI units of 
induction (B, tesla) and total magnetic dipole moments are 
expressed as the ratio of measured moment/original moment, 
in A*m^ . IRM(s) experiments were carried out by subjecting 
specimens to a laboratory induction, in .10 T increments, up 
to .70 T. The resulting plots of IRM/IRM(s) moment vs 
applied induction were then examined in some detail.
Because specimens usually acquired a IRM(s) during this 
test, they were used as high induction specimens in the L-F 
test. Pristine specimens, which acquire their NRM during
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initial cooling in the Earth’s field (about 5 x 10‘W ) ,  
were used as low induction specimens for the L-F test. 
Because of reversed NRM directions in several samples, this 
method did not produce very good low induction data. To 
complete the Lowrie-Fuller test, both specimens were then 
subjected to stepwise alternating field demagnetization.
The demagnetization of both low and high induction 
specimens, from the same site, are graphically illustrated 
on the following pages. NRM:IRM(s) ratios of total magnetic 
dipole moment (A m̂  ) for each specimen during 
demagnetization are also plotted on logarithmic graphs, and 
the alternating field demagnetization steps, in mT 
(milliteslas), labeled accordingly.
TEST RESULTS
Specimens from the dark andesitic/rhyodacitic group (S-12, 
B-12, S-4) exhibit widely spaced single-domain type 
geometries.
Single-domain/pseudo single-domain size grains decrease in 
coercivity as the strength of the applied field increases 
(Lowrie and Fuller, 1971). This behavior produces a NRM 
demagnetization curve which lies above the IRM(s) 
demagnetization curve. Multi-domain size grains behave in 
an opposite fashion, generating an IRM(s) curve with greater 
coercivity than the NRM curve [Lowrie and Fuller, 19711.
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Contrary to the original conclusions of Lowrie and Fuller 
L1971], the "test" really reflects the coercivity spectrum 
of the specimen, not the domain state of each grain. The 
test can only distinguish between single-domain/pseudo 
single-domain and multi-domain type behavior [Bailey and 
Dunlop, 1983].
IRM acquisition curves from these specimens rise rapidly 
in applied inductions up to .15-.30 T. No appreciable 
increase in the magnetic moment occurs at higher applied 
inductions. Thus the saturation of the magnetic mineralogy 
is characteristic of magnetite or titanomagnetite. During 
thermal demagnetization, specimens show rapid unblocking of 
up to 70% of the magnetization by 300<^C (Figure 12 in text). 
Further unblocking of the magnetization does not occur until 
580OC (about the Curie temperature of magnetite). Some 
specimens retain up to 15% of their magnetic moment nearly 
to the Curie temperature of hematite (680<>c). This behavior 
also indicates that titanomagnetite and magnetite are 
primarily responsible for the remanent magnetizations found 
in these specimens. The minor amount of hematite does not 
contribute much to the magnetic properties. NRM:IRM(s) 
ratios for these specimens cluster between 10’̂ and 10 
Ratios on the order of 10'̂  indicate a primary TRM origin 
for the NRM magnetization; ratios substantially less than 
this suggest a remagnetization of an original TRM or a 
nonTRM origin of the magnetization [Fuller et al., 1988].
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Their counterparts, the more altered rhyolites, display 
mixed (S-17, S-10) or multi-domain (B-13, B-10) type 
behavior. Grains in the pseudo single-domain/multi-domain 
transition size range, 4)im-15)im, produce a transitional 
configuration where the high and low field curves reverse in 
relative hardness [Dunlop, 19831. Samples which have two 
distinct single-domain/pseudo single-domain and multi-domain 
grain sizes produce a bimodal geometry. These samples 
exhibit single domain type geometries, but strong field 
curves with a multi-domain shape (ie., inflected) [Dunlop, 
19831.
IRM acquisition curves from mixed type specimens are 
similar in form to that of the previous group. IRM 
acquisition curves from multi-domain type specimens continue 
to rise slightly in acquired magnetic moment until ,7T, the 
maximum induction. This behavior is intermediate between 
that of magnetite and hematite and suggests the presence of 
both. These results are consistent with the behavior of 
many specimens during thermal demagnetization (Fig. 12 in 
text). NRM: IRM(s) ratios lie between 10"̂  and lÔ  for mixed 
specimens and 10'̂  and 10'̂  for multi-domain specimens. At 
least for the multi-domain specimens, the low ratios cast 
some doubt on the presence of a primary TRM.
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DISCUSSION
Without exception, all dike types contain coarse, iron 
oxide phenocrysts in the groundmass (Appendix C). Because 
of their magnetic properties, these phenocrysts are probably 
titanomagnetites. All of the visible grains lie above the 
minimum size, 15p.m, for multi-domain behavior in magnetite 
[Dunlop, 1983], but several specimens contain grains which 
lie below or slightly above the threshold size, 30-40>lm, for 
multi-domain behavior in titanomagnetite [Dunlop, 1983],
The stability of some magnetizations up to the unblocking 
temperature of magnetite (580<>C) indicate that microscopic 
single-domain spinel phases also exist. These crystals 
probably reside in feldspars and other phenocrysts [Murthy 
et al., 19711. Specimens that exhibit signs of deuteric 
alteration usually contain hematite lining miarolltic 
cavities and fractures. Thermal unblocking spectra indicate 
that 35% of the specimens contain some hematite. Severe to 
moderate sericitic alteration of feldspar phenocrysts is 
also common.
Specimens with bulk single-domain behavior are the most 
mafic in composition and contain the smallest oxide 
phenocrysts, 50-20]Jlm (Table lA). Because the phenocrysts 
straddle the threshold size for multi-domain behavior in 
titanomagnetite, a mixed Lowrie-Fuller test would be 
expected. Perhaps because of the more mafic compositions.
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the ratio of microscopic/visible phases is large enough to 
produce a bulk single-domain behavior.
Specimens with mixed test results also contain 50-20^m 
phenocrysts, but these phenocrysts display much more intense 
high temperature oxidation and illmenite lamellae 
development. The felsic composition and alteration probably 
play pivotal roles in the generation of mixed Lowrie-Fuller 
test results. Never too numerous to start with, microscopic 
spinel phases probably became oxidized during the alteration 
of the dike. With the removal of these components, the 
phenocrysts dominate the bulk magnetic properties.
In contrast, the specimens with bulk multi-domain behavior 
contain much larger oxide phenocrysts, 100-250^m in 
diameter. Despite high temperature oxidation and effective 
domain size reduction, these large phenocrysts behave as 
multi-domain grains. Much like the mixed specimens, only 
more so, the alteration probably eliminated any contribution 
from microscopic spinel phases and allowed the phenocrysts 
to dominate the bulk magnetic properties. The conclusions 
are tentative, for the NRM:IRM(s) ratios and other bulk 
magnetic properties suggest that hematite is a major 
contributor to the magnetization. The threshold size for 
multi-domain behavior in hematite is quite large. All the 
recognizable hematite crystals have sizes below this size 
and could not produce the multi-domain Lowrie-Fuller test 
results.
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The results-of the Lowrie-Fuller tests and NRM;IRM(s) 
ratios indicate that dikes of andesitic to rhyodacitic 
composition probably contain a stable primary TRM which 
accurately records the direction of the ancient geomagnetic 
field. These conclusions are consistent with the good 
magnetic behavior of these specimens. This type of dike, 
which comprises roughly half of the studied dikes, is 
appropriate for paleomagnetic analysis and should be the 
focus of further sampling efforts.
The majority of the more rhyolitic specimens also contain 
a primary TRM, but deuteric alteration and the growth of 
hematite have changed the magnetic mineralogy, and 
therefore, the magnetic behavior and possibly the 
paleomagnetic directions. These alteration products 
generally coincide with the expected Eocene field direction, 
confirming growth during deuteric alteration. The specimens 
usually yield reliable paleomagnetic data, but because of 
the less than perfect magnetic behavior, future sampling 
should avoid dikes with extreme deuteric alteration.
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APPENDIX C.
IRON OXIDE PETROGRAPHY
The magnetic mineralogy of a test suite of specimens 
(Appendix B) vas examined in transmitted and reflected 
light. The majority of dike samples contain large, 250^m to 
20Mm, euhedral, iron oxide phenocrysts in the groundmass and 
subhedral iron oxide grains within altered biotite and 
hornblende phenocrysts. Most dikes have suffered some 
deuteric alteration [Hadley, 1978] and contain both kinds of 
grains. The euhedral iron oxides appear to be primary 
titanomagnetite phenocrysts which are either homogeneous or 
subdivided by numerous illmenite lamellae. These lamellae 
probably result from high temperature oxidation (Buddington 
and Lindsley, 1964; Tucker and O'Reilly, 1980). The 
subhedral iron oxide crystals also appear to be 
titanomagnetites or magnetites which probably formed during 
the alteration of the mafic phenocrysts. Because of their 
large size, both kinds of titanomagnetite crystals may 
behave as multi-domain grains. See Appendix B for further 
observational and analytical data. In addition, the 
ubiquitous deuteric alteration in most samples has produced 
a minor amount of secondary hematite. Samples which show 
signs of severe deuteric alteration (e.g. miarolitic 
cavities and seriticized feldspars) usually contain a 
significant number of hematite crystals within the
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groundmass and open voids.
In general, andésite to rhyodacite dikes exhibit less 
deuteric alteration and less intense lamellae development in 
the phenocrysts. Rhyolitic dikes commonly show more severe 
deuteric alteration and larger, more intensely altered, 
phenocrysts. Secondary hematite crystals are also more 
numerous in the rhyolitic dikes.
APPENDIX D.
STABILITY OP MAGNETIZATIONS
A suite of representative specimens were oriented with 
their remanent magnetization at a high angle to the current 
geomagnetic field. The following graphs display the change 
in the magnetic moment measured over a period of 3 x 10̂  
hours. Most specimens show a rapid increase in the ratio of 
measured/original magnetic dipole per unit volume after 
approximately 2 x 10̂  hours. This rapid increase in the 
magnetic moment shows the formation of a viscous remanent 
magnetization parallel to the current geomagnetic field 
direction•
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APPENDIX E.
EFFECTS OF THERMAL DEMAGNETIZATION
Because specimens are subjected to extremely high 
temperatures during thermal demagnetization, the magnetic 
minerals often oxidize. Thus the magnetic mineralogy and 
magnetic behavior of a specimen can change drastically 
during demagnetization. In this study, such changes of 
magnetic mineralogy were monitored by measuring the 
susceptibility of each specimen after each thermal 
demagnetization step. The results from a representative 
suite of dike types are displayed on the following pages. 
Most specimens exhibit a decrease in the susceptibility with 
temperature. This probably results from the oxidation of 
magnetite or titanomagnetite to cation-deficient spinels.
The growth of these minerals may account for the hematite 
component In many samples.
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APPENDIX F.
HEMATITE COMPONENTS OF MAGNETIZATION
The following three equal-area projections display 
directions of magnetization with stabilities greater than 
580OC, for each locality. Similar equal-area plots for each 
site used in this compilation are included in Appendix G . 
Hematite component (circle); expected Eocene field direction 
(diamond); and present local (asterisk) and dipole field 
direction (cross). Open (closed) symbols refer to upper 
(lower) hemisphere projections.
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APPENDIX G.
SITE SUMMARIES
The paleomagnetic behavior observed at each locality is 
described in summary statements. The paleomagnetic behavior 
of each site is then discussed in a short paragraph. More 
detailed information on each site is included in tables 
which contain sampling locality, sampling latitude and 
longitude (Lat/Long; positive north/positive east), dike 
lithology, samples or handsamples collected and specimens 
(used/collected), dike orientation, specimen number, NRM 
(natural remanent magnetization) total magnetic dipole 
moment in A*m^ (M^, NRM declination (Dec) and inclination 
(Inc), demagnetization behavior, characteristic direction 
determined from principal component analysis; planar 
directions denoted (*) are the direction of the minimum 
eigenvector calculated by the methods of Onstott (1980 1, and 
median destructive induction or temperature (mT/oc)• 
Specimens denoted (*) were not used in the calculation of 
site-mean directions.
The mean direction for each site was calculated by the 
method of Fisher [1953 1. The results and relevant 
statistics are tabulated as resultant vector length (R), 
precision parameter (Fisher, 19531 (k), 95% confidence 
limits (A95), angular standard deviation (S63), mean 
declination (Dec), mean inclination (Inc), and virtual
1 4 3
1 4 4
geomagnetic pole (VGP; latitude/longitude; positive 
north/positive east). For sites which include planar data, 
the mean direction was calculated with Bingham statistics 
(Onstott, 1980). Statistical parameters are listed as kappa 
(k|/)j), 95% confidence limits )/ and angular standard
deviation
At handsampled sites (Selway locality only), the mean 
directions and statistical parameters are listed separately 
for handsample A and handsample B ( ̂ /g) . For the 
calculation of the site mean direction, the mean directions 
from both handsamples were averaged together according to 
the method of Fisher [19531. These site mean directions and 
their attendant statistics are denoted by ).
Equal-area plots of NRM specimen directions (NRM), site 
characteristic directions (CDR), handsample mean directions 
(HSM) for handsampled sites, and specimen hematite 
directions (HEM) are next. For all plots : remanence 
directions (circles); site-mean directions (star); 95% 
confidence Interval about the mean (large circle); specimen 
characteristic directions (square); remagnetization pole 
(diamond); expected Eocene direction (diamond); and the 
present local (asterisk) and dipole field (cross). 
Open(closed) symbols represent upper(lower) hemisphere 
projections of each symbol.
1 4 5
LOLO LOCALITY 
GENERAL PALEOMAGNETIC BEHAVIOR
Thermal unblocking spectra are rather weak and specimens 
usually decay to less than 30-20% of their NRM intensity by 
300^0. Alternating field spectra are inverse exponential in 
form and decay to less than 50% by lOmT, or 10% by 90mT.
Despite these characteristics, remanence magnetizations 
are usually linear, although rather noisy. NRM directions 
usually are close to the expected Eocene direction. A very 
vague normal polarity direction seems to be removed at low 
demagnetization steps, but rarely is it parallel to the 
modern field direction. An analysis of directions 
attributed to hematite crystals does not reveal any 
systematic direction between sites, nor a direction parallel 
to the present field direction.
All specimens have characteristic directions of 
magnetization which are northwest and steeply down. The 
similarity in mean directions from all the sites probably 
reflects a similar age of all the dikes. The dikes are part 
of an anastomosing dike swarm, which appears to be an 
apophysis of the Lolo batholith, and probably cooled at 
about the same time.
Site 4 was thrown out of the locality analysis because 
about half of the specimen directions are oriented to the
1 4 6
northwest and steeply down, while the rest of the specimens 
have a shallow northwesterly orientation. This behavior may 
result from cooling during an excursion of the ancient 
geomagnetic field.
SITE SUMMARIES
88B01
Six specimens. All specimens, but one, are of normal 
polarity. Demagnetization behavior is poor, but linear to 
the origin. Specimens exhibit low median destructive 
temperatures of 150-250OC and usually unblock to less than 
20% of the intensity of magnetization by SOQOC. Several 
specimens, however, maintain up to about 10% of the 
intensity of magnetization beyond 580<>C, indicating the 
presence of magnetite and hematite. The rapid decrease in 
intensity by ISO^c doesn't appear to correlate with any 
directional change of the magnetization, or the removal of a 
strong modern day VRM. One specimen shows a reversal in 
polarity above 400<>C.
88B02
Eight specimens. Five specimens exhibit normal polarity 
directions and decay linearly to the origin; however, the
1 4 7
characteristic directions are not tightly clustered. One 
specimen reverses in polarity at 300<>C.
88B03
Seven specimens. All the specimens are of normal polarity 
and show well behaved linear decay to the origin. Specimens 
have median destructive temperatures and fields around 300<>C 
or 75mT. Despite the rapid decay of most specimens, only 
two contain evidence of a weak modern day VRM. Most 
specimens decay to less than 10% of the intensity of 
magnetization by 58Qoc, but contain a few percent of the 
original magnetization which is stable to 680<>C. This 
behavior indicates the presence of both magnetite and 
hematite.
88B04
Seven specimens. Four of the specimens exhibit widely 
varying northwest/southwest declinations and steeply down 
inclinations. The other three specimens tightly cluster 
about northwest declinations, but the inclination changes 
from - 1 5 0  to +6 0 /5 3 0 . Because of the uncertain 
characteristic direction from this site, it was not included 
in the calculation of the locality mean direction.
1 4 8
8 8 B 0 5
Six specimens. Except for one specimen, all the specimens 
are of normal polarity and show poor linear decay to the 
origin. Mean destructive fieIds/temperatures are from 7•5mT 
to 20QOC, and the intensity of magnetization is usually 
below 15% by 500<>c. Final unblocking occurs at 580<>C, 
although 6% or less of the intensity of magnetization does 
persist beyond the unblocking temperature of magnetite. The 
site shows a sharp change in declination from one side of 
the dike to the other, suggesting some sampling of 
paleosecular variation.
88B06
Five specimens. All specimens are of normal polarity and 
do not contain a modern day VRM. Three specimens decayed 
linearly to the origin, while one described a plane and the 
other was too weak to measure. Median destructive 
fields/temperatures are from 7. 5mT to 250<>C. Ninety percent 
of the intensity of magnetization is generally removed by 
70mT or 575<>c.
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Site: 88B02
Lith: Rhyolite dike Samples: 4/8
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2 1 0 . 9 1 3 3 6 0 . 0 6 8 . 0 l i n e 1 . 6 6 6 . 1 3 0 0 ° C
2 1 1 . 7 8 1 3 4 0 . 0 7 3 . 0 l i n e 3 0 8  .  6 6 4 . 1 3 0 0 ® C
2 1 2 * . 7 0 4 3 3 7  . 0 4 9 . 0 p l a n e 8 1 . 8 1 9 . 1 * I S m T
2 1 3 * . 4 9 5 3 5 8 . 0 7 3 . 0 p l a n e 1 4 1 .  6 3 3 . 7 * i s o ' ^ c
2 1 4 * 2 . 5 3 2 1 4 . 0 8 0  . 0 p l a n e 2 2 3  . 0 - 1 6 . 4 * 3 0 0 ® C
R 3 . 9 5 0 3
k 6 0  . 3 4 6 5
A 9 5 1 1 . 9 2
S 6 3 1 0 . 4 1
D e c . 3 4 2 . 8
I n c . 6 6 . 9
V G P 7 8 . 3 / 1 7 5 . 6
|efS””coordinStes' ^Equal-Area NRM -HOFFWed. 18 Apr, 1990
0
270 90
1 8 0
+
UI■S'
E s s « - -  • least- hoffSat, 31 Mar. iggg
270
180
90
+
UI
UI
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Site: 88B03
Lith: Rhyolite dike Samples: 7/8
L a t / L o n g :  4 6 . 7 4 ° N ,  - 1 1 4 . 5 5 ° E  
L o l o  H o t  S p r i n g s
O r i e n t a t i o n :  N M
NRM CHAR. DIR.
S p e c . D e c . I n c . D e m a g  t y p e D e c . I n c .
3 1 5
3 1 6 *
1 . 5 4 3 3 9 . 0 6 3 . 0 l i n e 3 3 4 . 6 5 6 . 8 3 5 0 ® C
3 1 7 . 9 4 6 3 5 0 . 0 5 8 . 0 l i n e 3 2 3  . 0 5 8 . 1 3 0 0 ° C
3 1 8 1 . 4 3 3 3 1 . 0 6 4 . 0 l i n e 3 2 0  . 0 5 7 . 1 1 5 m T
3 1 9 1 . 3 2 3 5 9 . 0 7 3 . 0 l i n e 3 2 7 . 3 6 4 . 4 1 5 m T
3 2 0 1 . 5 4 3 5 3 . 0 7 0 . 0 l i n e 3 2 3 . 3 6 5 . 2 l O m T
3 2 1 2 . 0 9 3 5 1 . 0 6 6 . 0 l i n e 3 2 3 . 1 5 3 . 0 8 m T
3 2 2 3 . 0 8 3 4 9 . 0 6 4  . 0 l i n e 3 2 2 . 4 5 7 . 6 8 m T
R 6 . 9 7 6 6
k 2 5 6 . 7 6 7 9
A 9 5 3 . 7 7
S 6 3 5 . 0 4
D e c . 3 2 4 . 8
I n c . 5 9 . 0
V G P 6 3 . 8 / 1 5 3 . 3
gTc.0%%- ‘-«o»
cqual-Art« NHM -HOFF
M*4, 7 Hm*. 1990
270
180
90
+
UI
B03C0R 319.000 - 1.000Geog Coordlntttt Equml-Ar##
LEA8T-H0FF Wed, 7 Her 1090
270 90
180
+
UIm
NgFF -Le*8T Thw. # Har. 19S0
270
160
90
+
Uïo
A 9 5
S 6 3
D e c .
I n c .
160
Site: 88B04
Lith: Rhyolite dike Samples: 0/7
L a t / L o n g ;  4 6 . 7 4 ® N ,  - 1 1 4 . 5 5 ® E  
L o l o  H o t  S p r i n g s
O r i e n t a t i o n :  N M
N R M C H A R . D I R .
S p e c . D e c . I n c . D e m a g  t y p e D e c  - I n c .
4 2 3 * . 8 8 2 8 0 . 0 3 4 . 0 p l a n e ? ? 5 m T
4 2 4 1 . 1 2 2 0 . 0 5 9 . 0 p l a n e 2 5 6 . 6 - l i . 5 * 7 m T
4 2 5 1 . 0 2 2 1 . 0 6 4 . 0 l i n e 2 0 6 . 4 6 5 . 6 8 m T
4 2  6 3 . 1 3 1 5 . 0 3 9 . 0 l i n e 3 4 1 . 8 4 8 . 7 4 0 0  C
4 2 7 5 - 2 2 9 1 . 0 - 9 . 0 p l a n e 2 2 7 . 8 7 0  .  9 * 3 0 0 ° C
4 2 8 7 . 6 2 9 8  . 0 - 1 2 . 0 p l a n e 1 8 5  . 6 - 6 0 . 3 * 5 m T
4 2 9 8 . 0 2 8 8  . 0 - 1 6 . 0 p l a n e 2 0 0  . 4 5 . 2 * 4 m T
R S i t e m e a n d i r e c t i o n  w a s  n o t c a l c u l a t e d
V G P
161
Site: 88B05
Lith: Rhyolite dike Samples: 5/6
L a t / L o n g :  4 6 . 7 4 ° N ,  - 1 1 4 . 5 6 ° E  
L o l o  H o t  S p r i n g s
O r i e n t a t i o n :  N M
N R M C H A R . D I R .
S p e c . D e c . I n c . D e m a g  t y p e D e c . I n c .
5 3 1 3 . 4 0 3 4 8  . 0 7 2 . 0 l i n e 3 4 2 . 5 7 2 . 6 2 0 m T
5 3 2 2 . 6 4 3 5 0 . 0 6 8  . 0 l i n e 3 3 5 . 8 6 0 . 0 l O m T
5 3 3 2 . 3 1 3 3 9 . 0 6 8  . 0 l i n e 3 4 2  . 5 6 4 . 9 1 3 m T
5 3 4 . 6 6 0 3 5 7 . 0 7 0 . 0 l i n e 3 2 0  . 8 5 0 . 2 1 3 m T
5 3 5 . 5 5 0 3 3 6 . 0 6 6 . 0 l i n e 3 2 6  . 2 4 6 . 9 1 0 0 ° C
5 3 6 * 4 . 1 3 8 1 . 0 - 6 2 . 0 7
R 4 . 9 1 7 8
k 4 8 . 6 3 3 8
A 9 5 1 1 . 0 8
S 6 3 1 1 . 6 1
D e c . 3 3 1 . 4
I n c . 5 9 . 2
V G P 6 9 . 4 / 1 5 0 . 2
|2 2 rco .? |}ô 2 ? S ,- ‘ "M
Equal fJRM -HOFFMad. 7 Mar. 1990
270
180
90
+
O'
|22S® "coo?d în2tJ«“Equ#l-Are# LEA8T-H0FF Wcd. 7 M#r. 1990
270 h
180
+
ow
f̂ SHEN
HOFF -atOT Thu. ■ M#r. 1990
270
90
180
+
0-f'
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Site: 88B06
L i t h :  R h y o l i t e  d i k e  S a m p l e s :  3 / 5
L a t / L o n g :  4 6 . 7 4 ° N ,  - 1 1 4 . 5 5 ° E  
L o l o  H o t  S p r i n g s
O r i e n t a t i o n :  N M
N R M C H A R . D I R .
S p e c . D e c . I n c , D e m a g  t y p e D e c . I n c .
6 3 9 . 2 5 3 3 4 9 . 0 6 2 . 0 l i n e 3 3 7 . 5 5 2 . 0 1 5 m T
6 4 0 . 3 4 1 3 3 5 . 0 5 7 . 0 l i n e 3 1 6 . 0 5 1 .  6 2 5 0 ® C
6 4 1 * . 2 7 5 9 0 . 0 3 3 . 0 p l a n e 1 3 . 2 - 3 3 . 2 * 1 5 m T
6 4 2 7 . 4 8 3 3 2 . 0 5 0 . 0 l i n e 3 2 6 . 9 4 8 . 3 8 m T
6 4 3 * . 1 7 3 2 . 4 6 6 . 5 < S / N
R 2 . 9 8 6 1
k 1 4 4 . 2 9 2 8
A 9 5 1 0  . 3 0
S 6 3 6 . 7 3
D e c . 3 2 7 . 1
I n c . 5 0 . 9
V G P 6 0 . 7 / 1 3 6 . 3
NHM -HOFF7 Mir. 1980
270
180
90
+
oO'
gs^ç-jass.-equal«Ares LMT-HOFF
7 M«p. 1990
270
180
90
+
o
s i
yOFF -WOTDiu. • Mar. 1990
270
90
180
+
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SELWAY SUMMARY 
GENERAL PALEOMAGNETIC BEHAVIOR
The Selway locality contains much more heterogeneity in 
the blocking temperatures than other localities. 
Demagnetization behavior is similar between each 
handsample, except site 13.
Low unblocking temperatures and weak alternating field 
coercivity spectra are present in sites 9, 10, and 15. 
Intensity decays to less than 20% by 300<>C, or less than 
10% by lOOmT. Median destructive fields range from 7.5 to 
25mT. Site 9 has higher alternating field coercivity 
spectra than the others; median destructive fields = 45mT 
and 30% at lOOmT. Final unblocking temperatures are at 
580OC which indicate magnetite/titanomagnetite without any 
hematite.
Much more resistant magnetic characteristics exist at 
sites 12, 14, and 18. Thermal unblocking curves show 
little decrease in intensity until magnetite unblocking 
temperatures are reached. Two sites, 12 and 18, contain 
less than 20% of the intensity of magnetization which 
remains until 680 degrees. Alternating field coercivity 
spectra are strong with 30 to 50% intensity remaining by 
lOOmT.
Site 11 has thermal unblocking spectra which indicate
169
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that hematite carries the magnetization. However, the 
direction is not parallel to today's field direction. No 
alternating field demagnetization was attempted.
MODERN DAY VRM
All sites, except 11 and 14, contain a secondary 
component of magnetization which is parallel to the modern 
day field direction, or of normal polarity. Both kinds of 
normal polarity components are removed by 300<>C or 15-50mT, 
usually 50mT. Only two samples couldn't have their 
secondary component removed. The removal of the modern day 
VRM appears to correlate with the unblocking in the weak 
samples, so the modern day VRM is probably carried by 
titanomagnetite.
HEMATITE COMPONENT
Hematite directions are oriented in exactly the same 
direction as magnetizations which originate in magnetite. 
The similarity in direction between magnetite and hematite 
components suggests that magnetization of both hematite and 
magnetite occurred at the same time.
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SITE DESCRIPTIONS
88B09
Seven spedmens/two handsamples. All specimens are 
reversed, except for two that have an unremoved VRM. A 
modern day VRM exists in every specimen and is removed by 
12.5mT and 300<>C. Demagnetization behavior is good to 
moderate because of low intensities of magnetization. 
Specimens exhibit low thermal unblocking spectra with 70% 
of the magnetization removed by 300OC. Final thermal 
unblocking occurs before 580^0. The rapid decrease in 
demagnetization corresponds to the removal of the modern 
day VRM.
88B10
Six specimens/two handsamples. All specimens are of 
normal polarity, except one which shows a complex 
demagnetization behavior. All specimens have a modern day 
VRM which is removed from all, but two, specimens by 50mT 
or 300OC. Demagnetization behavior is moderate with weak 
thermal unblocking spectra, but 10% or so of the 
magnetization persists above 58QOC. This suggests the 
presence of both hematite and magnetite. Because of poor 
demagnetization behavior, only specimens from one block
172
were used in calculating the site-mean direction.
88B11
Nine specimens/two handsamples. All specimens are of 
normal polarity and exhibit thermal unblocking spectra 
which indicate that hematite carries the magnetization. No 
VRM exists and the site-mean direction is closely parallel 
to the expected direction, suggesting that this is a 
reliable site. Demagnetization behavior is good although 
three specimens describe planes during demagnetization.
88B12
Eight specimens/two handsamples. All specimens are of 
reversed polarity and contain a normal VRM which is removed 
by 50mT or 300<^C. The removal of this VRM corresponds to a 
rapid drop in the intensity of magnetization. 17-7% of the 
intensity of magnetization persists beyond 580<>C and 
indicates the presence of both magnetite and hematite. 
Alternating field spectra have high coercivities and an 
inflected shape.
88B13
Nine specimens/two handsamples. Handsample A is from the
173
chilled margin, and handsample B is from the coarser 
interior of the dike. All specimens are of reversed 
polarity and have a weak normal VRM, which is removed by 
20mT, Alternating field coercivity spectra are harder in 
the chilled margin than in the coarser sample, B . In 
handsample B, 50% of the intensity of magnetization is 
removed by lOmT and less than 10% remains by 80mT. No 
thermal demagnetization was done. Although both 
handsamples are of reversed polarity, the inclination 
differs significantly. Site B-13 may be a good site to 
examine paleosecular variation as the dike cooled.
88B14
Seven specimens/two handsamples. All specimens are of 
normal polarity. Specimens have strong thermal unblocking 
spectra which actually increase in intensity at 350^C.
This rise in intensity may correlate with the removal of a 
weak normal VRM. All but two specimens show good linear 
decay to the origin. Pinal unblocking occurs at 580<>C, 
indicating magnetite as the principal magnetic mineral.
88B15
Eight specimens/two handsamples. All specimens exhibit a 
characteristic direction of reversed polarity. This
1 74
characteristic direction is not isolated until the removal 
of a normal VRM at 300<>C or 50mT. Four of the eight 
specimens, however, fail to decay linearly toward the 
origin and describe arcs during demagnetization. The 
directions isolated between specimens with linear and 
planar demagnetization behavior are similar. Final 
unblocking of the magnetization occurs at 580<>c, indicating 
the presence of magnetite.
88B18
Eight specimens/one handsample. The other handsample was 
not properly oriented and had to be eliminated. All 
specimens are of reversed polarity with a modern day VRM. 
This VRM is removed by 300<>C or lOmT. Specimens have 
excellent linear decay to the origin. Thermal unblocking 
occurs mainly around 580<>C, but up to 18% of the intensity 
of magnetization persists past this temperature.
Alternating field coercivities are hard with up to 50% of 
the intensity of magnetization stable beyond IGOmT. These 
results indicate the presence of magnetite and hematite.
Site: 88B09
L a t / L o n g :  4 6 . 0 8 ° N ,  - 1 1 5 . 1 7 ® E  
S e l w a y  R i v e r
L i t h o l o g y :  R h y o l i t e  d i k e
H a n d s a m p l e s ( s a m p l e s ) :  2 ( 2 / 4 ,  2 / 3 )
O r i e n t a t i o n :  N M
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N R M C H A R . D I R .
S p e c . D e c . I n c . D e m a g  t y p e D e c . I n c . B . / T m
9 6 3  *  
9 6 4 ^ *  
9 6 5 ^  
9 6 7 ^
2 8 6  1 9 . 0  
2 4 6  1 2 . 0  
3 3 0  1 9 . 0  
2 8 6  9 . 0
6 1 . 0
6 3 . 0
6 2 . 0  
6 7 . 0
b e l o w  S / N  
m . d .  d i r .  
l i n e  
l i n e
2 0  . 7  
1 5 2  . 1  
1 7 8  .  6
5 2 . 9
- 7 3 . 7
- 7 0 . 4
4 5 m T
9 6 8 - *
9 6 9 ®
9 7 O 3
3 1 9  1 0 . 0  
0 2 8  1 2 0 . 7  
0 4 4  8 1 . 0
6 7  . 0  
- 3 . 8  
5 6 . 0
m . d .  d i r .  
l i n e  
l i n e
1 4 . 0
1 7 1 . 6
1 7 7 . 9
6 3 . 0  
- 5 3 . 3  
- 6 0  .0
2 3 0 ° C
> 1 0 0 m T
4 0 0 ° C
R V b ) 1 . 9 9 4 2 / 1 . 9 9 5 7 R t 1 . 9 8 0 2
1 7 2 . 9 / 2 3 1 . 4 k t 5 0 . 5 2 5 0
A 9 5 ( ^ / g ) 1 9 . 1 / 1 6 . 5 A 9 5 ^ 3 5 . 8 9
S 6 3 ( ^ / g ) 6 . 2 / 5 . 3 S 6 3 ^ 1 1 . 3 9
D e c .  ( j ^ / g ) 1 6 6 . 5 / 1 7 4 , 5 D e c ^ 1 7 1 . 7
I n c .  ( j ^ / g ) - 7 2 . 5 / - 5 6 . 7 I n C t - 6 4 . 6
VGP. -84.2/-17.6
|22rc.o?§îô2î2.‘equal-Area
Wad, 7 Mar. 1990
270
100
90
+
Njo
809H8A 969.000 - 1.000#09 Coordinate# Equ#l-Ar## LEA8T-H0FFTtiu. 0 N#r. 1990
270
180
90
+
•0
Site: 88B10 178
L a t / L o n g :  4 6 . 0 8 ° M ,  - 1 1 5 . 1 6 ° E  
S e l w a y  R i v e r
L i t h o l o g y :  R h y o l i t e  d i k e
H a n d s a m p l e s ( s a m p l e s ) :  2 ( 3 / 4 ,  0 / 2 )
O r i e n t a t i o n :  2 1 3 / 7 4
S p e c
1 0 7 1 _ *
1 0 7 2
1 0 7 3 ^
1 0 7 4 ^
1 0 7 5 _ *
10763*
N R M C H A R . D I R .
D e c . I n c . D e m a g  t y p e D e c . I n c . B m / T m
. 1 0 6 3 2 . 0 6 4 . 0 l i n e 6 7 . 0 4 9 . 0 1 5 0 ° C
. 1 9 3 7 . 9 6 8 . 1 l i n e 3 5 1 . 3 5 9 . 5 1 2 5 ° C
. 1 7 6 1 8  .0 7 2 . 0 l i n e 3 5 7 . 1 7 6 . 4 1 2 5 ° C
. 1 1 3 1 9 . 0 7 8 . 0 l i n e 3 1 5 . 2 7 5 . 9 2 0 m T
. 7 7 0 4 . 0 7 5  . 0 7 1 3 6 - 0 - 4 2  . 0 1 5 0 ° C
. 7 9 2 3 6 . 0 7 4 . 0 7 l O m T
R 2 . 9 5 8 7
k 4 8  . 4 8 0 7
A 9 5 1 7 . 9 0
S 6 3 1 1 . 6 2
D e c . 3 4 4 . 0
I n c . 7 1 . 4
V G P 7 5 . 9 / - 1 5 4 . 3
BIONRM 1071.000 -
geoo Coordinate*
Equal-Area
1.000
NRH -HOFF
Bad. 7 Mar, 1990
270 90
100
+
s)<1
|i2S“c,i?2îô2?J.-Equ«l-Ar«a LEMT-HOFF7 Mar. 1990
270
180
90
+
00o
|ÎSrc..rdÎAÎ?2.-‘*"»««>»Equ#l-Ar## HOFF -g75T Thu. 8 M#r. 1990
270 90
180
+
00
site: 88B11
L a t / L o n g :  4 6 . 0 8 ® N ,  - 1 1 5 . 1 4 ° E  
S e l w a y  R i v e r
L i t h o l o g y :  R h y o l i t e  d i k e
H a n d s a m p l e s ( s a m p l e s ) :  2 ( 3 / 4 ,  4 / 5 )
O r i e n t a t i o n :  N M
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N R M C H A R .  D I R .
S p e c . M o D e c .  I n c . D e m a g  t y p e D e c .  I n c .
1 1 7 9 -  
1 1 8 0 _  
1 1 8 1 -  
1 1 8 2 3 *  .
1 5 4
1 5 4
1 3 4
1 5 4
3 4 4 . 0  6 8 . 0
3 5 6 . 0  6 9 . 0
3 5 7 . 1  6 8 . 3  
3 5 4 . 0  7 2 . 0
l i n e
l i n e
l i n e
p l a n e
3 3 3 . 6  6 8 . 2
3 6 0 . 0  7 4 . 5  
3 5 3 . 8  6 3 . 8
3 2 3 . 0  - 1 7 . 1 *
5 0 0 ° C  
5 0 0 ° C  
5 0 0 ® C  
4 0 0  C
1 1 8 3 ^  
1 1 8 4 . *  
1 1 8 5 ^  
1 1 8 6 ^  
1 1 8 7 ^  .
0 8 9
0 6 8
0 8 4
0 7 8
0 8 1
2 9 9 . 0  8 1 . 0  
2 5 3 . 3  7 8 . 9
2 4 8 . 5  8 1 . 3
2 8 0 . 6  7 9 . 0
2 5 2 . 1  7 0 . 8
l i n e
7
p l a n e
p l a n e
l i n e
3 1 6 . 4  7 8 . 9
0 . 3  2 . 1 *  
6 3 . 6  0 . 9 *  
2 4 1 . 3  6 6 . 4
5 8  0 ° C  
5 8 5 ° C  
6 2 0 ° C  
6 2 0 ° C  
6 1 0 ° C
N / A / 2 . 9 8 4 1 1 . 9 6 6 7
- 3 0 . 9 , - . 9 / 1 2 5 . 9 8 5 3 k t 3 0  . 0 4 0 0
A 9 5 ( ^ / 3 > 1 1 . 6 7 , 1 4 . 9 3 / 1 1 . 0 3 A 9 5 ^ 4 7 . 2 8
S 6 3 ( ^ / 3 ) 9 . 5 3 , 1 2 . 2 0 / 7 . 2 0 S 6 3 ^ 1 4 . 7 8
D e c . ( A / B ) 2 6 8 . 3 / 3 4 8 . 4 D e C t 3 2 8  . 1
I n c .  ( j ^ / g ) 8 1 . 8 / 6 9 . 2 I n c ^ 7 8 . 1
VGP. 63.2/-142.2
fIrT'c.T-înX-**” "»Equ#l-Ar## HOFF -NAMM*d, 7 Mac. 1990
270
180
90
+
ODW
1.000 —Otog C oordinates
Equal-Ares
1.000
LEA5T-H0FF
Mtd, 7 Mar. 1990
270
90
180
+
m
|iircĴ2?ôS?2.- ‘ ««oCQual-Ares LEAST-HOFFMed. 7 Mmr. 1990
270 h
160
+
QD
U)
ailAHS 1163.000 -
S tr a t  Coordinate#
Equol Are#
1.000
LEA8T-H0FF
Wed, 7 Her. 1990
270 90
160
+
(D(h
3S1HEM 1.000 -1 1 6 7 .0 0 0
S tr a t  C oordinate#
Equal-Araa
HOFF -700T
Thu. 8 Mar. 1990
270 - V .
180
+
a>vj
Site: 88B12
L a t / L o n g  :  4 6 . 0 8 ^ N ,  - 1 1 5 . 1 4 ° E  
S e l w a y  R i v e r
L i t h o l o g y :  A n d é s i t e  d i k e
H a n d s a m p l e s ( s a m p l e s ) :  2 ( 5 / 5 ,  3 / 3 )
O r i e n t a t i o n :  3 4 8 / 8 5
188
N R M C H A R .  D I R .
S p e c . M o D e c .  I n c . D e m a g  t y p e D e c .  I n c .
1 2 8 7
1 2 8 8 ^
1 2 8 9 ^
1 2 9 0 %
1 2 9 1 ^
6 . 1 6
5 . 3 7
3 . 1 9
4 . 2 9
3 . 6 3
1 7 2 . 0  - 5 5 . 0  
1 6 8 . 2  - 5 6 . 1
1 6 2 . 0  - 6 4 . 0
1 6 8 . 0  - 5 9 . 0
1 6 4 . 0  - 5 6 . 0
l i n e
l i n e
l i n e
l i n e
l i n e
1 6  6 . 9  - 5 6 . 0
1 6 2 . 3  - 5 2 . 7  
1 5 2 . 1  - 5 8 . 5  
1 5 7 . 8  - 5 9 . 9
1 6 0 . 3  - 6 1 . 0
5 6 0 ° C
1 8 m T
1 5 m T
1 8 m T
9 5 m T
1 2 9 2 „
1 2 9 3 ®
1 2 9 4 3
3 . 7 4
3 . 7 0
5 . 5 0
1 5 6 . 0  - 5 2 . 0  
1 5 4 . 5  - 5 1 . 2
1 5 6 . 0  - 5 2 . 0
l i n e
l i n e
l i n e
1 6 5 . 2  - 5 6 . 4  
1 6 7 . 4  - 5 8 . 5  
1 6 5 . 1  - 5 8 . 0
7 5 m T
2 5 0 ° C
3 0 0 ° C
R ( ^ / b ) 4 . 9 8 8 0 / 2 . 9 9 9 5 1 . 9 9 9 3
3 3 2 . 9 7 3 8 / 3 9 0 5 . 3 1 1 0 k t 1 3 6 2 . 8 9 3 0
A 9 5 ( ^ / g ) 4 . 2 0 / 1 . 9 7 A 9 5 ^ 6 . 7 7
S 6 3 ( ^ / 3 ) 4 . 4 3 / 1 . 2 9 S 6 3 ^ 2 . 1 9
D e c .  ( / g ) 1 6 0 . 1 / 1 6 5 . 9 D e c ^ 1 6 3 . 0
I n c .  ( j ^ / g ) - 5 7 . 7 / - 5 7 . 6 I n c ^
V G P ^
- 5 7 . 7
- 7 5 . 5 / - 5 0 . 8
gS^coâ?Sî«!î2.-‘“ "®®«Equ#l-Are# N«é. 7 Mar. 1990
270
180
90
+
mo
B18H8H 1287.000 -  1 .000
OtoQ C oordln#t#e
Equ#l-Ar#«
LEAST-HOFF _  Thu. 8 M#r. 1880
270
180
90
+
MgFF -JIOT Thu. • Hm *. 1990
270
90
180
+
Site: 88B13
L a t / L o n g :  4 6 . 1 0 ° N ,  - 1 1 5 . 0 8 ^ E  
S e l w a y  R i v e r
L i t h o l o g y :  R h y o l i t e  d i k e  s w a r m
H a n d s a m p l e s ( s a m p l e s ) :  2 ( 3 / 3 ,  2 / 6 )
O r i e n t a t i o n :  2 9 0 / 2 7
192
N R M C H A R .  D I R .
S p e c . D e c . I n c . D e m a g  t y p e D e c .  I n c . B m / T m
1 3 9 5  
1 3 9 6 -  
1 3 1 0 % a  .
6 2 7
3 5 2
5 8 5
1 6 1 . 0
1 6 9 . 0
1 6 7 . 1
- 3 7 . 0
- 1 0 . 0
- 3 5 . 0
l i n e
l i n e
l i n e
1 5 9 . 6  - 5 2 . 5  
1 6 4 . 9  - 4 8 . 7  
1 7 0 . 5  - 5 3 . 1
68m T
8 0 m T
5 7 0 * C
1 3 9 7 .  
1 3 9 8 * *  . 
1 3 9 9 ®  
1 3 1 0 0 - *  .  
1 3 1 0 2 * *  .  
1 3 1 4 3 * *  .
1 5 4  
1 0 9  
0  9 2  
1 3 2  
1 7 6  
1 4 3
2 7 9 . 0  
1 0 6 . 5
2 8 6 . 0
1 5 8 . 0
1 0 5 . 0  12.0
5 7 . 0  
7 8 . 6
8 4 . 0
8 7 . 0
8 4 . 0
7 4 . 0
l i n e
?
l i n e
7
7
?
1 3 4 . 9  - 2 8 . 3  
1 3 9 . 0  - 2 5 . 0
6 0 m T
4 5 m T
5 0 m T
2 5 m T
7 . 5 m T
l O m T
R ( ^ / b ) 2 . 9 9 4 9 / 1 . 9 9 8 1 1 . 9 1 9 7
3 8 9 . 1 9 0 3 / 5 4 0 . 2 2 4 6 1 2 . 4 5 7 9
A 9 5 ( ^ / b ) 6 . 2 6 / 1 0 . 7 7 A 9 5 % 7 8 . 1 4
S 6 3 ( ^ / 3 ) 4 . 1 0 / 3 . 4 8 S 6 3 t 2 3 . 0 5
D e c .  ( a / g ) 1 6 5 . 0 / 1 3 7 . 0 D e C t 1 4 8 . 4
I n c .  ( a / g ) - 5 1 . S / - 2 6 . 7 I n C t
V G P ^
- 3 9 . 9
- 5 5 . 4 / - 5 6 . 8
BiaNRH 1398.000 -1310.0002Otoo Coordinate#Equol-Aro#
Nod, 7 M#r. 1990
270
OO
90
180
+
<1w
|i.Tcîr̂ ôî?S.-Equ#l-Ar## LEAST-HOFFW#d. 7 Hw>. 19M
270
180
90
+
1990
270
90
160
+
'€Ul
site: 88B14
Lat/Long: 46.10°N, -115.07°E
Selway River
L i t h o l o g y :  A n d é s i t e  d i k e
H a n d s a m p l e s ( s a m p l e s ) :  2 ( 3 / 5 ,  2 / 2 )
O r i e n t a t i o n :  2 3 4 / 8 1
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S p e c .
1 4 1 0 3 .
1 4 1 0 4
1 4 1 0 6 ,
1 4 1 0 7 .  
1 4 1 0 8 ]
1 4 1 0 5 ,
1 4 1 0 9 ,
N R M
D e c . I n c . D e m a g  t y p e
. 0 8 9 5 4 . 4 6 8 . 2 l i n e
. 1 4 3 2 3 . 9 6 9 . 5 m . d .  d i r .
. 0 3 0 4 8 . 7 - 2 4 . 5 7
. 0 7 4 5 1 . 7 6 5 . 3 l i n e
. 0 8 7 3 7  .6 6 9 . 9 l i n e
. 2 9 7 3 5 8 . 8 5 1 . 2 l i n e
. 3 6 3 1 . 0 5 9 . 7 l i n e
C H A R .  D I R .
D e c .  
4 4 . 6
7 8
6 4
3 5 7
3 5 9
I n c . B m / T m
8 3 . 1 5 5 0 ° C
5 3 0 ° C
3 0 0 ° C
7 8 . 8 5 4 5 ° C
7 2 . 5 5 1 0 ® C
5 3  . 0 5 4  0 ° C
6 1 .  6 5 3 0 * C
R(a/b) 2.9888/1.9943 1.9326
178.3179/176.2905 kt 14.8361
A95(^/3> 9.26/18.92 A95% 70.29
S63(^/3> 6.05/6.09 S63t 21.10
Dec. (̂ /g) 65.1/358.5 DeCt 15.1
Inc. (a/g) 78.4/57.3 InCt 70 . 4
VGPt 77.2/-72.2
Equ#l-Are# HOFF -NRM8 M#r. 1990
270
180
90
+
<0
püTcoiîâînSfsrEqu#l-Are# ^ST-HOFFThu. 0 Mi t . 1990
270 k
160
+
ffl
Site: 88B15
Lat/Long: 46.10°N, -115.07°E
Selway River
L i t h o l o g y :  R h y o l i t e  d i k e
H a n d s a m p l e s ( s a m p l e s ) :  2 ( 5 / 5 ,  2 / 3 )
O r i e n t a t i o n :  N M
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N R M C H A R .  D I R .
S p e c . M o D e c .  I n c . D e m a g  t y p e D e c .  I n c . B m / T m
1 5 1 1 1 -  .  
1 5 1 1 2 7  . 
1 5 1 1 3 7  .  
1 5 1 1 4 *  .  
1 5 1 1 5 ^  .
3 9 6
5 5 0
5 2 8
6 2 7
5 7 2
5 5 . 0  7 2 . 0
4 4 . 0  6 6 . 0
5 6 . 0  7 2 . 0
5 9 . 0  6 8 . 0
6 2 . 0  6 0 . 0
l i n e
p l a n e
p l a n e
p l a n e
l i n e
9 2 . 1  - 7 1 . 3
1 7 5 . 7  4 . 7 *
1 7 4 . 7  7 . 0 *  
1 8 3 . 1  3 . 6 *  
1 0 6 . 9  - 5 6 . 2
1 2 5 ° C
l O m T
8 m T
8 m T
1 2 5 ° C
1 5 1 1 6 * *  .  
1 5 1 1 7 *  .  
1 5 1 1 8 *  .
1 7 6
2 0 8
2 0 9
4 1 . 0  5 0 . 0
6 0 . 0  2 9 . 4
5 6 . 0  2 0 . 0
p l a n e
l i n e
l i n e
1 8 0 . 1  2 1 . 1 *  
1 4 5 . 1  - 6 6 . 0  
1 4 1 . 3  - 6 6 . 8
1 0 0 ° C
5 m T
5 m T
R ( ^ / b ) N / A / 1 . 9 9 9 8 1 . 9 7 5 3
^  ( a / s ) - 1 1 9 . 8 , - 3 . 0 / 4 4 4 7 . 8 3 1 0 k t 4 0 . 4 0 8 7
A 9 5 ( ^ / * ) 4 . 5 5 , 9 . 2 7 / 3 . 7 5 A 9 5 % 4 0 . 3 6
S 6 3 ( ^ / * ) 4 . 1 6 , 8 . 4 7 / 1 . 2 1 S 6 3 t 1 2 . 7 4
D e c .  ( * / * ) 9 9 . 3 / 1 4 3 . 2 D e c ^ 1 2 0 . 3
I n c .  ( * / * ) — 6 4 . 3 / — 6 6 . 4 I n C t
V G P ^
— 6 6 . 9  
- 5 0 . 9 / 2 . 5
1.000
Thu. ■Kt, 19M
#»
270
90
180
+ nio o
f S s f S i i i S s - lcast-hoffThu. # Mw. 1990
270
90
180
+ ruo
8tûo®*Coordin*̂ t® * ' 0** Equ#l-Are# ** LEAST-HOFFTliu. 0 M#r. 1800
270
160
90
+ ru o ru
Site: 88B18
Lat/Long: 46.10*^N, -115.06°E
Selway River
L i t h o l o g y :  R h y o l i t e  d i k e
H a n d s a m p l e s ( s a m p l e s ) :  1 ( 8 / 8 )
O r i e n t a t i o n :  N M
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N R M C H A R . D I R .
S p e c . D e c . I n c . D e m a g  t y p e D e c . I n c . B m / T m
1 8 1 3 5 . 1 8 7 1 2 3 . 0 1 5 . 0 l i n e 1 7 1 . 0 - 5 2 . 4 5 8 0 ° C
1 8 1 3 6 . 1 3 2 7 5 . 0 — 1 6 . 0 l i n e 1 6 0  . 5 - 5 6 . 3 9 0 m T
1 8 1 3 7 . 0 3 3 4 1 . 0 - 4 3 . 0 l i n e 1 5 8 . 7 - 5 4 . 7 8 5 m T
1 8 1 3 8 . 2 5 3 1 2 7 . 0 - 4 3 . 0 l i n e 1 5 9 . 4 - 5 4 . 7 8 0 m T
1 8 1 3 9 . 1 0 2 1 0 0 . 0 - 5 2 . 0 l i n e 1 6 5 . 6 — 5 6 . 1 l O O m T
1 8 1 4 0 . 1 2 1 5 1 . 0 - 2 5 - 0 l i n e 1 5 9 . 0 - 5 3 . 6 l O O m T
1 8 1 4 1 ' . 1 1 0 1 2 0 . 0 - 1 . 0 l i n e 1 6 4 . 9 - 5 3 . 7 9 0 m T
1 8 1 4 2 . 2 0 9 1 2 9 . 0 - 2 6 . 0 l i n e 1 5 4 . 6 - 5 6 . 1 8 0 m T
R 7 . 9 8 8 3
k 5 9 9 . 4 5 5 4
A 9 5 2 . 2 6
S 6 3 3 . 3 0
D e c . 1 6 1 . 8
I n c . - 5 4 . 8
V G P - 7 2 . 6 / - 5 6 . S
EQutl-Aret «KT-» Nw>. 1990
270
90
180
+
ruo
Equ0l-Ar#a LEAST-HOFFThu. a Mar. 1990
270
90
180
+ ru o
Ul
|iîrc.ordînîSr‘"‘’ ®“®“Equtl-Art» ^ -MOT hu. S Ntr. tMO
270
180
90
+ m oo
SULA SUMMARY 
GENERAL PALEOMAGNETIC BEHAVIOR
Thermal unblocking spectra are weak for all samples 
except for several at site 16. The intensity of 
magnetization decays to less than 20% by 150-400OC. Final 
unblocking occurs at approximately 580 degrees, suggesting 
the predominance of titanomagnetite and magnetite in four 
of the sites (3,4,10,12). Three sites (13,16,17) retain 
10% of their intensity of magnetization until 680<>C. This 
indicates that some of the resistant magnetization may 
reside in hematite. Several sites were not thermally 
demagnetized.
Alternating field coercivity spectra range from inverse 
exponential to inflected in shape and median destructive 
fields average 24mT. Specimens decay to less than 10% by 
40-100mT. Specimens that have strong to moderate 
inflections correlate with good behavior, as in the case of 
sites 3 and 4.
In general, thermally treated samples have the same 
direction as samples treated with alternating fields. 
However, site 13 reverses only during thermal treatment, 
and in several other cases, alternating field treatment 
fails to remove a modern day VRM.
207
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MODERN DAY VRM
Four sites (7, 12, 13, 17) contain a weak secondary 
component of magnetization which parallels the modern 
geomagnetic field direction. This secondary component is 
inferred to be a viscous remanent magnetization (VRM). Two 
others (4, 16) display a normal polarity secondary 
component. The remaining two sites (3, 10) do not contain 
a secondary component. The various secondary components 
correlate well with rapid decreases in the intensity of 
magnetization. Such components are usually removed by 50- 
30QOC or 15-30mT. In a few cases, the secondary component 
is stable to SSQOC or lOOmT.
HEMATITE COMPONENTS
29 samples contained a demonstrable hematite component. 
There is no consistent direction between sites. This, with 
the lack of any correspondence with today's field, suggests 
that the hematite grew during deuteric alteration.
SITES 16 AND 17
Sites 16 and 17 display a complex demagnetization 
behavior which is worth some discussion. Most specimens 
contain three different components of magnetization which
209
reside in titanomagnetite, magnetite, and hematite, 
respectively. The initial normal polarity component 
sometimes parallels the current field direction. Following 
the removal of this component, most specimens reverse in 
polarity. In specimens which retain a normal polarity, the 
characteristic direction of magnetization is antipodal to 
the direction in specimens which reverse in polarity. At 
higher demagnetization treatments, the specimens once again 
display normal polarity, which is not parallel to the 
current field direction.
In site 16, the spatial distribution of normal and 
reversed specimens eliminates a reversal of the geomagnetic 
field as a possible cause. At site 17, the three normal 
polarity specimens are located toward the margin of the 
dike, while the four reversed polarity specimens of 
magnetization lie more toward the center. The change in 
polarity across the dike may result from a reversal of the 
ancient geomagnetic field.
SITE SUMMARIES
88S01
Site 88S01 contains two reversed polarity samples, 
northeast and up, on the western edge of the sampling 
trend. As one goes east, the next two specimens are of
210
normal polarity, northwest and down, as one goes east. The 
last two are southwest and: up. These directions of 
magnetization could be explained by an unseen juxtaposition 
of different dikes, at trapped reversal in one dike 
juxtaposed against another younger one, or the entrapment 
of paleosecular variation as the dike cooled outwards. 
Because of the uncertainty in the characteristic direction, 
this site was not used in the calculation of the locality 
mean direction.
88S03
Eight s p e c i m e n s A l l  specimens are of reversed polarity 
and decay linearly toward the origin. One specimen has a 
strange direction and was eliminated from the site mean 
direction. At low alternating field demagnetization steps, 
a weak modern day VRM is removed by 5mT. Median 
destructive fields range from 30-50mT.
88S04
Eight specimens. All specimens display excellent 
reversed polarity linear decay to the origin. A normal 
polarity VRM is removed by 20mT, and median destructive 
fields are approximately 69mT. Thermal unblocking at 540- 
5 7 5 0 c indicates the presence of magnetite.
211
8 8 S 0 7
Eight specimens. All specimens are o£ normal polarity; 
NRM intensities are low, .013 A» m \  Six specimens display 
poor linear decay to the origin. Two others fail to decay 
toward the origin. A modern day VRM is removed by 5mT from 
four of the specimens. Median destructive fields average 
lOmT. Final demagnetization occurs at 25-95mT,
88S1Ü
All eight specimens display normal polarity linear decay 
to the origin, after the removal of different NRM 
directions by 5mT. Linear decay is very poor, however, and 
several specimens hint of planar demagnetization paths. 
Median destructive fields range from 7.5-17.5mT, and final 
demagnetization occurs by 25-45mT.
88S12
Eight specimens. All eight have a normal polarity 
direction which is overprinted by a modern day VRM. Six
specimens display poor linear decay to the origin, after
the removal of the modern day VRM by 30mT or 30QOC. One
specimen retains a modern day direction during
212
demagnetization. Another specimen could not be fit with a 
best fit line. Median destructive fields/temperatures are 
69mT or 300<>c. Final demagnetization at lOOmT or 575<>c 
indicates the presence of magnetite.
88S13
Seven specimens. After the removal of a normal polarity 
VRM, five of the seven specimens show good reversed 
polarity decay toward the origin. In three of the 
specimens, the VRM is parallel to the modern field 
direction. This VRM is not removed during alternating 
field demagnetization up to lOOmT. However, thermal 
demagnetization is effective by 200-300<>C. Median 
destructive fields/temperatures are 15mT or 175<>c. Final 
demagnetization occurs at 75mT or 560<>C. During thermal 
treatment, a rapid drop in the intensity of magnetization 
correlates with the removal of the VRM, and a change to 
reversed polarity. Two specimens were eliminated because 
of shallow inclination and an unremoved normal polarity 
direction.
88S16
Seven specimens. All but two specimens display a normal- 
polar ity reversed-polarity normal-polar ity demagnetization
2 1 3
behavior. Two specimens remain normal throughout. The 
first normal polarity direction, removed by 200<>c, is 
parallel to the modern day field direction in three of the 
specimens. At this point, specimens change to a reversed 
polarity which is stable to 350-500QC. Above 500<>c, 
specimens revert to a normal polarity. These drastic 
changes in direction correlate well with rapid decreases in 
the intensity of magnetization during thermal treatment.
The reversed polarity is believed to be the characteristic 
direction. The reversed polarity and normal polarity 
specimens are randomly distributed throughout the sampling 
traverse and, therefore, probably eliminate a field 
reversal as a possible cause.
88S17
A site with behavior identical to that of 88S16. Three 
specimens are of normal polarity and four display the 
normal-reversed-normal polarity behavior. The first normal 
polarity is a modern day VRM which is removed by 200<>C.
The reversed component is stable to 400-600<>C. The final 
normal polarity component is stable to 680vc. The changes 
in orientation correlate well with changes in intensity of 
magnetization during thermal demagnetization. The 
stability range of each direction indicates that 
titanomagnetite, magnetite, and hematite carry the
214
different directions of magnetization.
Specimens which retain their normal polarity decay 
linearly to the origin and have a characteristic direction 
which is essentially antipodal to that of the reversed 
directions. Demagnetization behavior is inverse 
exponential in alternating field treatments. Median 
destructive fields/temperatures are l.SmT or 125<>C. 
Specimens decay to less than 20% of the intensity of 
magnetization by 2QQOc, but retain up to 10% of the 
intensity of magnetization beyond 580<>c. Thus magnetite 
and hematite are present.
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Site: 88301
L i t h :  R h y o l i t e  d i k e  S a m p l e s :  0 / 6
L a t / L o n g :  4 5 . 9 0 * ^ N ,  - 1 1 3 . 7 7 ° E  
S u l a
O r i e n t a t i o n :  N / M
N R M C H A R . D I R .
S p e c . M o D e c . I n c . D e m a g  t y p e D e c . I n c .
1 0 1 .  O i l 2 0 . 0 - 2 5 . 0 l i n e 4 3 . 9 - 6 1 . 9 7
1 0 2 * . 0 0 5 2 1 . 0 - 3 4 . 0 l i n e 2 4 . 3 - 1 3 . 8 4 0 0 ° C
1 0 3 . 0 3 1 3 4 9 . 0 5 3 . 0 l i n e 3 5 6 . 7 4 2 . 2 1 5 m T
1 0 4 . 0 3 1 3 4 5 . 0 5 3 . 0 l i n e 3 3 6 . 4 3 3 . 4 1 5 m T
1 0 5 . 0 2 2 2 3 7 . 0 - 6 5 . 0 l i n e 1 9 8  . 7 - 7 7  .  4 5 5 m T
1 0 6 . 0 0 9 2 0 6 . 0 - 8 1 . 0 l i n e 2 1 3 . 2 - 7 7 . 8 6 0 m T
R
k
A 9 5  
S 6 3  
D e c . 
I n c . 
V G P
S i t e  n o t  a n a l y z e d
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Site: 88S03
L i t h :  A n d é s i t e  d i k e  S a m p l e s :  7 / 8
L a t / L o n g :  4 5 . 8 4 ° N ,  - 1 1 3 . 8 8 ° E  
S u l a
O r i e n t a t i o n :  4 7 / 6 3
N R M C H A R . D I R .
S p e c . M o D e c , I n c . D e m a g  t y p e D e c . I n c . B m / T m
3 1 3 . 2 9 7 2 6 3 . 0 - 7 1 . 0 l i n e 2 6 7 . 2 - 6 9 . 7 4 0 m T
3 1 4 . 2 9 7 2 6 7  . 0 - 7 3 . 0 l i n e 2 7 0 . 9 - 7 4 . 1 4 0 m T
3 1 5 . 2 5 3 2 6 0 . 0 - 7 0 . 0 l i n e 2 6 0 . 5 - 7 0 . 8 5 5 m T
3 1 6 * . 6 3 1 0 4 . 0 - 7 0 . 0 7 7 7  . 0 - 7 4 . 0 5 0 m T
3 1 7 . 9 5 7 2 4 3 . 0 - 7 1 . 0 l i n e 2 4 1 . 6 - 6 4 . 5 4 0 m T
3 1 8 1 . 4 3 2 8 4 . 0 - 6 9 . 0 l i n e 2 7 8 . 3 - 7 0 . 0 5 0 m T
3 1 9 . 1 2 1 2 6 8 . 0 - 7 2  .  0 l i n e 2 7 8 . 3 - 7 2 . 7 5 0 m T
3 2 0 . 1 1 0 2 6 1 . 0 - 6 5 . 0 l i n e 3 1 1 . 9 - 7 4 . 0 2 5 m T
R 6 . 9 4 7 1
k 1 1 3 . 3 8 5 1
A 9 5 5 . 6 9
S 6 3 7 . 5 9
D e c . 2 7 0 . 1
I n c . - 7 1 . 9
V G P - 3 6 . 8 / 1 0 8 . 3
|S rC 0 .rd } ô 2 S .'Eqw#l-*r#« MgFF -NRHU ni. a Mm >. 1980
270 90
180
+
0)h*nJ
803COR 313.0000- 1.0006«og Coordloot§•
Equol-Aroo
I^AST-HOFF ____Ttiu. 8 Mor. 1880
270 90
180
+ ru►-*
GO
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Site: 88S04
L i t h :  R h y o d a c i t e  d i k e  S a m p l e s :  7 / 8
L a t / L o n g :  4 5 . 8 5 ® N ,  - 1 1 3 . 8 8 ® E  
S u l a
O r i e n t a t i o n :  N M
NRM CHAR. DIR.
S p e c . Mo D e c . I n c . D e m a g  t y p e D e c . I n c . Bm/Tm
4 2 1 . 5 9 4 2 4 4 . 0 - 4 1 . 0 l i n e 2 4 3 . 9 - 5 4 . 6 l O O m T
4 2 2 . 6 9 3 2 3 6 . 0 - 5 6 . 0 l i n e 2 3 6 . 8 - 6 6 . 3 6 0 m T
4 2 3 . 5 5 0 2 4 3 . 0 - 5 7 . 0 l i n e 2 4 2 . 8 - 5 2 . 3 6 5 m T
4 2 4 . 2 4 2 2 2 4 . 0 - 6 5 . 0 l i n e 2 2 1 . 2 - 6 2 . 5 7  0 m T
4 2 5 . 7 0 4 2 2 6 . 0 - 6 0 . 0 l i n e 2 2 6 . 6 - 5 8 . 9 6 0 m T
4 2 6 . 2 8 6 2 5 7 . 0 - 5 8 . 0 l i n e 2 4 3 . 9 - 5 8 . 5 8 0 m T
4 2 7 * . 1 6 5 2 0 8 . 0 - 6 5 . 0 l i n e 2 0 5 . 7 - 6 8 . 3 5 5 m T
4 2 8 . 1 8 7 2 1 2 . 0 - 6 4 . 0 l i n e 2 1 2 . 4 - 6 5 . 7 7  0 m T
R 6 . 9 3 9 8
k 9 9 . 7 2 3 5
A 9 5 6 . 0 7
S 6 3 8 . 1 0
D e c . 2 3 3 . 7
I n c . - 6 0 . 3
V G P - 5 2 . 0 / 1 4 2 . 8
80^1^ “«"•oooo HOTF -NHNTImi. • M,r. 1990
270
90
160
+ rumo
i ! J r c o o r i i « 'Equal-Apia LEAST-HOFF Thu. ■ Mw. 1990
270 90
180
+ ruru
fîîTco.rdî«Jf2.-Cqudl-Ari* HOTF -MOTThu. • Mm *. 1990
270 90
180
+ rururu
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Site: 88S07
Lith: Rhyolite dike Samples: 6/8
L a t / L o n g :  4 5 . 8 9 ® N ,  - 1 1 3 . 8 0 ® E  
S u l a
O r i e n t a t i o n :  N M
N R M CHAR. D I R .
S p e c . D e c . I n c . D e m a g  t y p e D e c . I n c .
7 4 5 . 0 2 9 3 3 6 . 0 6 5 . 0 l i n e 3 5 5 . 9 6 9 . 3 7 m T
7 4 6 . 0 1 7 9 . 0 7 4 . 0 l i n e 3 5 3 . 4 7 3 . 9 1 3 m T
7 4 7 * . 0 1 1 9 . 0 7 0 . 0 n o n - l i n . 3 3 2 . 0 7 3 . 0 l O m T
7 4 8 . 0 1 0 3 5 4 . 0 7 0 . 0 l i n e 3 5 0 . 4 6 5 . 5 1 3 m T
7 4 9 . 0 1 5 2 4 . 0 6 3 . 0 l i n e 3 5 2 . 7 5 6 . 3 l O m T
7 5 0 * . 0 0 5 3 4 8 . 0 7 7 . 0 < S / N
7 5 1 . 0 1 3 3 4 1 . 0 7 4 . 0 l i n e 3 3 5 . 1 6 8  . 9 1 5 m T
7 5 2 . 0 0 7 2 1 . 0 7 1 . 0 l i n e 3 5 8 . 7 7 1 . 6 8 m T
R 5 . 9 6 3 8
k 1 3 8 . 0 1 9 6
A 9 5 5 . 7 2
S 6 3 6 . 8 8
D e c . 3 5 0  .  9
I n c . 6 7 . 8
V G P 8 2 . 2 / - 1 6 1 . 5
êeoe'^Coopdînêt® " 0***Eoutl-Araa 5J0FF -NRNThU, 8 Nif. 1980
270
90
180
+ ruTU4>
807C0R 7 4 9 .0 0 0 0 - 1 .000Otoo Coordinate# Equel-Arte
LEAST-HQFF
Thu. 9 Her. 1990
270 90
180
+ ruruui
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Site: 88S10
Lith: Rhyolite dike Samples: 5/8
L a t / L o n g :  4 5 . 9 3 ° N ,  - 1 1 3 . 7 1 ® E  
S u l a
O r i e n t a t i o n :  N M
N R M C H A R . D I R .
S p e c . M o D e c . I n c . D e m a g  t y p e D e c . I n c . B m / T .
1 0 6 8 2 . 7 5 1 3 7 . 0 7 1 . 0 l i n e 9 8 . 4 7 0 . 0 1 6 m T
1 0 6 9 1 . 4 3 1 8 1 . 0 6 1 . 0 l i n e 1 0 5 . 6 7 7 . 5 1 3 m T
1 0 7 0 1 . 4 3 1 6 0 . 0 6 2 . 0 l i n e 1 0 0 . 7 6 8 . 7 1 5 m T
1 0 7 1 2 . 0 9 1 6 2 . 0 6 8 . 0 l i n e 9 6 . 4 7 3 . 4 1 8 m T
1 0 7 2 * 1 . 4 3 1 6 2 . 0 6 3 . 0 7
1 0 7 3 * 7 . 5 9 7 9 . 0 6 8 . 0 l i n e 6 6 . 3 7 6 . 2 8 m T
1 0 7 4 * 1 . 3 2 3 2 0 . 0 6 8 . 0 l i n e 3 9 . 4 8 3 . 3 1 5 m T
1 0 7 5 1 . 9 8 2 3 4 . 0 8 0 . 0 l i n e 1 0 9  . 2 8 5 . 3 1 5 m T
R 4 . 9 7 2 0
k 1 4 2 . 7 7 7 5
A 9 5 6  .  4 3
3 6 3 6 . 7 7
D e c . 1 0 0 . 5
I n c . 7 5 . 0
V G P 3 5 . 3 / - 7 9 . 8
lioo^coorain^t^ -lora.oooo
Squtl-A rti HOFF -KRMThUt I  Mar. IMO
270 h 90
160
+ rurusJ
Equ#I-*r## WTF -LEABTThu. ■ Mar. 1900
270
180
90
+ r\)mOD
Site: 88S12
Lith: Andésite dike Samples: 6/8
L a t / L o n g :  4 5 . 9 0  N ,  - 1 1 3 . 7 8 ° E  
S u l a
O r i e n t a t i o n :  4 5 / 7 0
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N R M C H A R . D I R .
S p e c . D e c . I n c . D e m a g  t y p e D e c . I n c .
1 2 8 4 1 . 6 5 8 7 . 0 7 8 . 0 l i n e 1 0 7 . 7 7 3 . 7 7  0 m T
1 2 8 5 . 5 5 3 1 . 0 6 5 . 0 l i n e 6 3 . 4 7 7  . 6 1 5 m T
1 2 8 6 * 1 . 7 6 3 4 6 . 0 7 3 . 0 m . d .  d i r . 2 0 . 0 8 0 . 0 6 0 m T
1 2 8 7 * 2 . 3 1 2 2 . 0 8 0 . 0 7
1 2 8 8 2 . 4 2 1 1 . 0 7 9 . 0 l i n e 6 6 . 0 8 2 . 8 6 0 m T
1 2 8 9 2 . 0 7 3 5 6 . 8 6 5 . 0 l i n e 8 5 . 9 7 7 . 4 6 5 m T
1 2 9 0 2 . 5 3 5 . 0 8 0 . 0 l i n e 1 1 5 . 4 7 8 . 6 8 0 m T
1 2 9 1 2 . 7 5 2 7 . 0 8 1 . 0 l i n e 9 1 . 6 8 0 . 5 8 0 m T
R 5 . 9 7 9 8
k 2 4 7 . 3 0 5 7
A 9 5 4 . 2 7
S 6 3 5 . 1 4
D e c . 9 0 . 6
I n c . 7 9 . 1
V G P 4 1 . 8 / - 8 4 . 8
S12NAM 1284.0000- l 000Geog CoordinatesEqual-Area NRM -HOFFWed. 18 Apr. 1990
270
#  $
90
100
+
mwo
S12C0R 1.000 -1291.0000Geog CoordinatesEqual-Area
HOFF -LEASTWed. 18 Apr. 1990
270 }-
100
ru w
S12HEM 1289 0000- 1.000Geog Coordinates
Equal-Area
BOOT -HOFF
Ned. 18 Apr 1990
270 90
100
+ ruwru
Site: 88S13
Lith: Rhyodacite dike Samples: 5/7
L a t / L o n g :  4 5 . 9 0 ° N ,  - 1 1 3 . 8 2 ° E  
S u l a
O r i e n t a t i o n :  N M
233
N R M C H A R . D I R .
S p e c . M o D e c . I n c . D e m a g  t y p e D e c . I n c .
1 3 9 2 . 2 4 7 1 6 . 6 6 9 . 1 l i n e 1 8 1 . 0 - 5 5 . 9 2 0 m T
1 3 9 3 . 4 3 8 1 9 . 0 7 6 . 1 l i n e 1 8 4 . 5 - 4 5 . 1 o■
1 3 9 4 . 4 2 9 3 5 8 . 0 7 3 . 0 l i n e 1 9 0 . 1 - 6 1 . 3 1 2 5  C
1 3 9 5 * . 1 6 9 1 . 0 6 6 . 0 l i n e 3 5 9 . 0 5 6 . 0 3 0 m T
1 3 9 6 * . 5 8 9 1 9 1 . 0 4 . 0 p l a n e
l i n e
2 0 0 . 0 - 4  .  0 2  0 m T
1 3 9 7 . 3 1 9 3 2 8 . 0 7 5 . 0 2 1 5 . 3 - 5 3 . 2 1 2 5 ° C
1 3 9 8 . 5 1 7 2 3 . 0 6 5  .  0 l i n e 2 1 4 . 7 - 5 2 . 0 1 2 5 ° C
R 4 . 9 1 9 2
k 4 9 . 4 9 1 5
A 9 5 1 0  .  9 8
5 6 3 1 1 . 5 0
D e c . 1 9 7 . 2
I n c . - 5 4 . 5
V G P - 7 3 . 3 / - 1 7 0 . 6
HS!i.S!s;oin!lSr̂i>oo HOFF -NRN
Thu. 0 M#r. 1990
270 90
180
+ mw4>
|ÎÎQ” c.Tdînî?2,-‘” "-*“Equal-Ar## HOFF -LEASTThu. 8 Mar. 1880
270 90
160
+ njwui
fîirc..rdîn2?S.- "Equêl-Are# «HT W IMK»
270 90
160
+ ruwo
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Site: 88S16
Lith: Rhyolite dike Samples: 3/7
L a t / L o n g :  4 6 . 1 1 ° N ,  - 1 1 4 . 0 0 ® E  
S l e e p i n g  C h i l d  C r e e k
O r i e n t a t i o n :  3 2 8 / 5 5
N R M C H A R . D I R .
S p e c . D e c . I n c . D e m a g  t y p e D e c . I n c . B m / T m
1 6 1 1 5 .  4 1 8 6 2 . 0 5 8 . 0 l i n e 2 0 6 . 2 - 5 9 . 5 1 2 5 * C
1 6 1 1 6 * . 4 2 9 3 4 . 5 7 1 . 6 l i n e 5 0 . 0 4 5 . 0 1 1 5 ° C
1 6 1 1 7 * . 4 1 8 4 0 . 0 5 7 . 0 h e l i c a l 3 4 3 . 5 - 2 4 . 5 * 1 5 0 ° C
1 6 1 1 8 * . 4 1 8 3 2 . 0 6 2 . 0 h e l i c a l 1 6 4 . 2 2 5 . 4 * 1 2 5 ° C
1 6 1 1 9 * . 0 4 7 4 4 . 0 4 9 . 0 l i n e 5 0 . 0 6 0 . 0 5 8 0 ° C
1 6 1 2 0 . 2 2 0 2 9 . 0 5 6 . 0 l i n e 1 8 5 . 9 —  6 7 , 7 1 2 5 * C
1 6 1 2 1 . 1 8 7 3 4 8 . 0 6 5 . 0 l i n e 1 6 9 . 0 - 6 5 . 8 1 2 5 * C
R 2 . 9 7 4 4
k 7 8 . 1 8 4 1
A 9 5 1 4 . 0 4
S 6 3 9 . 1 5
D e c . 1 8 6 . 2
I n c . - 6 4 . 1
V G P - 8 6 . 1 / 1 5 4 . 8
iiSrc.Tdî«î?2.-“ «"®*‘Equti-ArM HOFF -HHNDmi, • Nm*. 1*90
270 90
180
+ mwm
siecon 1611.0009- i.ooo
Otog Coordinate#
Equel-Are#
LEA8T-HQFP _
Thu. 0 Mar. 1990
270 90
180
+ lUw
SieHCH t . 000 -1011 .0008
Otog C oordinate#
Equol-Aroo
HOFF -800TTlHi. 8 Nor, 1980
270
•  $
90
180
+ nifo
Site: 88S17
Lith: Rhyolite dike Samples: 6/8
L a t / L o n g :  4 6 . 1 2 ° N ,  - 1 1 4 . 0 1 ® E  
S l e e p i n g  C h i l d  C r e e k
O r i e n t a t i o n :  N M
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N R M C H A R . D I R .
S p e c . Mo D e c . I n c . D e m a g  t y p e D e c . I n c . Bm/Tm
1 7 1 2 2 . 6 8 2 2 5 . 0 7 2 . 0 l i n e 2 4 6 . 8 - 4 7 . 3 1 5 0 ° C
1 7 1 2 3 * . 4 0 5 2 9 . 4 6 4 . 1 l i n e 7 8  . 0 7 0  .  0 2 m T
1 7 1 2 4 . 8 0 3 2 5 . 0 6 9 . 0 l i n e 2 4 8 . 3 - 4 2 . 2 1 7 5 ° C
1 7 1 2 5 . 7 0 4 3 5 3 . 0 5 5 . 0 l i n e 2 4 4 . 7 - 4 4 . 3 1 2 5 ° C
1 7 1 2 6 * e x p .  e r r o r
1 7 1 2 7 1 . 8 7 5 8 . 0 5 6 . 0 l i n e 6 7 . 6 4 4  .  6 1 7 5 ° C
1 7 1 2 8 1 . 3 2 3 1 . 0 6 5 . 0 l i n e 66.6 4 9 . 0 1 2 5 * C
1 7 1 2 9 1 . 3 2 4 5 . 0 6 0 . 0 l i n e 7 2 . 7 4 2  .  0 1 2 5 ° C
R 5 . 9 9 1 6
k 5 9 6 . 2 5 6 1
A 9 5 2 . 7 5
S 6 3 3  . 3 1
D e c . 2 4 7 . 8
I n c . - 4 4 . 9
V G P - 3 3 . 8 / - 1 9 . 5
KJTco.rd}n»2.-” «®»“Equel-Ar## HOFF -NRNThu. 8 M#r 1980
270 90
160
+ ru-pru
Equa1-Art• HOFF -LEASTThu, a Mtr 1890
270
90
180
+ ru
w
Equdl-ATM HOFF -LEASTThu. #  H w . ISM
270 h
90
ISO
+ m
4>
E qual-A rtt HOFF -BOOTThu. 8 Mêr. 1990
270
90
180
+ ru4>ui
APPENDIX H.
TILT CORRECTION
Where possible, the strike and dip of each dike contact 
was measured. The poor exposure of many dikes hampered my 
recognition of the precise orientation of the dike. 
However, most dikes appeared to be approximately vertical. 
Dikes which were obviously not vertical in orientation 
always had their strike and dip recorded (Table 1).
Table 1.
Lolo locality Selwav locality Sula locality
88B03 147/63 88B09 26/34 88S14 45/55
88B10 213/74 88S15 200/84
88B12 348/85 88S16 328/55
-
88B14 234/81
Because the dikes are assumed to intrude vertically 
(Anderson, 19511, each "tilted" dike was restored to 
vertical about its line of strike. Dikes with near vertical 
contacts were not corrected during the fold test. The 
dispersion in the locality before tilt correction and after 
were then compared by the methods of McFadden and Lowes 
(19811. The results of the fold test are discussed more 
fully in the text.
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APPENDIX I.
SITES OF FURTHER INTEREST
Sites S-17 and S-16 contain nearly antipodal normal 
polarity specimens and normal-reversed-normal polarity 
specimens. The dikes are both altered^ but the behavior of 
specimens suggest that they retain their primary TRM. 
Possible explanations for the anomalous behavior include: 
cooling during a reversal of the geomagnetic field, or 
deuteric alteration.
Sites B-04 and S-04 did not produce a well defined set of 
specimen directions. Site B-04 contains steeply down and 
nearly flat directions of magnetization zoned across the 
dike. Site S-01 exhibits widely varying directions of 
magnetization which indiscriminately change polarity. Both 
of these sites could result from anomalous behavior of the 
geomagnetic field or, as Badley [1978] documented, coalesced 
dikes. Site S-01 seems to be an especially promising site 
from which examine the effects of multiple intrusion on the 
magnetic characteristics of these dikes.
Several of the handsampled sites exhibit handsample-mean 
directions which differ substantially. For example, B-13 
displays significantly different directions between the 
exterior and interior samples. Specimens from the chilled 
margin behave very well during demagnetization, but 
specimens from the interior behave poorly. The most
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significant difference between the handsamples is grain size 
and alteration. The handsample from the interior of the 
dike is coarser grained and more altered than the handsample 
from the chilled margin. Site B-13 may be a site from which 
to examine the contribution of alteration or paleosecular 
variation to the dispersion of these dikes. Unfortunately, 
site B-13 lies within the Selway-Bitterroot Wilderness and 
all samples must be packed out.
